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(57) ABSTRACT

A signal transmitting apparatus is provided that includes a
light emitter and a circuit that controls the light emitter
change in luminance in frequency to transmit a signal to a
receiving apparatus. The receiving apparatus includes a pro-
cessor and a recording medium having a program, the pro-
gram causing the processor to execute operations. The opera-
tions include obtaining first image data with a first exposure
time; setting a second exposure time of the image sensor so
that, in an image obtained by capturing a subject by the image
sensor, a plurality of bright lines corresponding to the plural-
ity of exposure lines included in the image sensor appear
according to a change in luminance of the subject; obtaining
a bright line image including the plurality of bright lines; and
obtaining information by demodulating data specified by a
pattern of the plurality of bright lines.

2 Claims, 567 Drawing Sheets



US 9,258,058 B2

Sheet 1 of 567

Feb. 9, 2016

U.S. Patent

RRcAE RN ,
{LLIOIBARM UDISSIUB

ﬁ w f M m M,&LW M W B WI0JBARM
| i | gossiusuet {3

O 1 § oLAS uoissnusurgy {Q)

jeuny |

N w m M % W m w W LLIGIRARM S0UmIeY (8)

P opoued

aiAS Jad HOT IO BSED By Ul

1 '91d



U.S. Patent Feb. 9, 2016 Sheet 2 of 567 US 9,258,058 B2

FIG. 2

inthe case of symbol § - O

Pericd T

Transmission symbol i ) i i

Transmission waveform ﬂ m bf_\ ﬂ Time t
pikel vaiue ek e ‘

.
4 1 2 3
' i
4 H 3
3 e :
: 3 ‘
;
:
;

Receplion Exposure time
wavefnrm



U.S. Patent Feb. 9, 2016 Sheet 3 of 567 US 9,258,058 B2

FI1G, 3

inthe case of symbol -+ 1

Period T
1 2 3 4
Transmission syrnbol ) 1 £ 1
Transmission waveform | ﬂ ﬁ ﬂ Time ¢
Pixel m%m“ £1 :
o )
Ling 1

Reception
waveform



U.S. Patent Feb. 9, 2016 Sheet 4 of 567 US 9,258,058 B2

FIG. 4

inthe case of symbot 1 -+ {

Porind T

- s 72 4
Transmission symbol 3 i { i i
Transrmission waveform ﬂ F ﬂ '}—‘ Time t
Pixel value o ] : \ 3
9 ' ' :

LI
o
oot

waveform

ceplion Exposure time



U.S. Patent Feb. 9, 2016 Sheet 5 of 567 US 9,258,058 B2

FI1G. 5

inthe case of symbol 1 1

it 3

: - . g
Transmission symbol i) T
Transmission waveform ﬁ ﬂ

Pisel valug p ,

(i

Timo t

g

Line 1 Reception
waveform Exposure Bime



US 9,258,058 B2

Sheet 6 of 567

Feb. 9, 2016

U.S. Patent

2 BINS0OXY utingese undanay x A
e ’ 1T BUMA

3 BUHL

prmnnnsl
Serominnind

LIOJRARM UDISSIUSURLY

sl

e

nmman
TNVPRPIL QS =2

-
o
i
.
o

o
o,
AL
YLy
o
B et



US 9,258,058 B2

Sheet 7 of 567

Feb. 9, 2016

U.S. Patent

di8/1 > By JRNNYS

/T W 24T % T > SudiT J83INUS
‘DEpOaL DIE SBTHEA IN0Y IS

/

' ow Adusnbagy WY UsaD

i

w /T > B IRTNYS

I

BRAOHD 58 8
paads STINUS AIBSERDEU WINWIIN

A

¥

Auelg

FEERROU S S ABI30US UBUA

g uado aannys

® 1¢ =T

T wm\.w £om
1§23

Y
k3
e
2ot

sy a7 nogy

3 -

=
o

L AR
[ SET O
©oSWn pERg

B

mnw yeubis ubir

£ D1




US 9,258,058 B2

Sheet 8 of 567

Feb. 9, 2016

U.S. Patent

A SHOBGILUA

FTEETTT o] B S——
Biifiouy e

PI.V

dnpasds

~,
-y

2 abBueyn

A0

e Setetetetete}

24 abueyd

0 pe

A0

LHAGDRDIS

&

OOLUAS Jad Sau ¢ 4o 2880 Uy ur {49)

o

OGLUIAS Jad sau 7 0 858D Bu 8y {2}

8 Oid



US 9,258,058 B2

Sheet 9 of 567

Feb. 9, 2016

U.S. Patent

pURG paenD

ubs ] e e

RABUIBD UEDS {JBIUORI0Y) *
IRIDIRI 0] BOIE UDBLDS UONEIUNLRLDD Eadn

DRIEINPOIBY

s

Banen

v

tRie)

RSO SIYY D3 U0 «

DEIRINEOWEG

BABLURD UBDS [RII0A 1Dy
PRID UBD08 UORRMHUNLALOY BasdD

¥

/ \ /

UBBIIE AL IBLLLIOR e

/\\ /

gaie

Agdsip

ARIALIBLD

Lol

6 "Dld




US 9,258,058 B2

Sheet 10 of 567

Feb. 9, 2016

U.S. Patent

o oo o o o oo o o oot oo o oot oot oy

RIEQ SBW-N WI0IN0

e * B - SRS T+ ¥« S S * A A N
mﬂw fa b e e \.rrrH 3 o s W
e W o poc3 “hOFH v
Towmoowmoog om @B 0y W
wow o ow o8 4 woe « & @
i) poe oo st =] ! e} o o o
2 &8 8 8 8 & 8 5 5 &

A5

233 +4

Hy

AT AA A 3 AR - A 4 A v

abeun poamde

&

napd

iy ary

BuBeuws pRwR)

oy WY LY 9y sy Yy Y oy iy

{USBI5 ALY UBS

aos Bunubn

01 214



$4G°GCT 3 RpORUCT L800007 03 eprynulyip
- o

i epranet TIO0G0 0N PRI P O

Sunlud algow 3o
LEOTIR LA LOTES04

3

(g

US 9,258,058 B2

Sheet 11 of 567

Feb. 9, 2016

U.S. Patent

AN

) |
AuSUTIE DIRY UOREIS Bsty
O LOHEIS 85y

2320 ASHBAMR

Juoaa senduyd

Qo uey s {-H =P

/ TIBLLG

] GHosusE mnsulouuoss
JOEURS
H

MoiA 303

N

57

\

11 '5id



US 9,258,058 B2

Sheet 12 of 567

Feb. 9, 2016

U.S. Patent

 RPVRVEY

N

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

o
bt
RERPNRR:

L

F38E sluey

s
T——

i3 P RRuBURL 5
ioonede] YT FUIY ottt} JOUS L | it oo (G TS 51

2k

dd SHBAR 30 D8ED 4T U H X

k3
4

ELEEE




US 9,258,058 B2

Sheet 13 of 567

Feb. 9, 2016

U.S. Patent

e,

Sl Sieg

UOHBZIVOMDUAS

ed UoULIOT

a eudis

aed oo

v g

UOHBZIVOIDUAS

w2d BOURLOD

g jeubig

1 UDLLOT

v eubig

dous g HOUE ¥

471 "Old

P —



US 9,258,058 B2

Sheet 14 of 567

Feb. 9, 2016

U.S. Patent

zare ¢

Jerd LDULIOTY

g s *

18d GOURUOD

v eulis grubls . 1 L yeuBis

ool

P
s

isig” dous @ doys ¢




US 9,258,058 B2

Sheet 15 of 567

Feb. 9, 2016

U.S. Patent

o~
fecemnoossmn,
MM
W‘MM.\

gty
§ H i
M i
SR ST I
paphl = | AL
3 qw -~ R 5 2w {1 bd S )
uens L ES luonsaisg B U8 (g
Wi Lo 14
LEng
HEHLIBA 1EIUOZLIOY
10 8580 1O aseal “
Pul U] y DU U]
¢
| L Y-H
IR
bidd BRRA-p.
40 L T0T0.
2380 (4] 13938
$ 77 £




US 9,258,058 B2

Sheet 16 of 567

Feb. 9, 2016

U.S. Patent

RLHLLIE)
S0 G & s M :
LONBULIOINS L =3 e _ _
UOEISOU Be mmmf ’ RARRE
FIHIHET m - .mz B ﬁ H “ : " " _\ﬂw
o £ arons __ ,,,,,, : 4,
m..v /;.MWHJ ﬁ a i H H!
‘3 - £4 Ty
icwﬁhw.ﬁmmmﬂimwmmﬁw P \\ \\ mwm‘wm.u .w‘mw mwmwg wuw.\m m\w“wmmwuwﬂw
1 PREmpOUIaD 238
5w Wy SE0Cu a%xm
3
{B)

TO64

Bunseopeosg Bk Dupeds-Bee Y] uoEs o cozwc,:o? jusisebunag 0 uoReuuO uoisod
SARIRG O UDRBULIOHAN Uonsod aousingss pus Bunyby E@rﬁﬁi LIRS ‘ﬁ 4BGL
‘Uonpuaoi adeus ooy TR I8AR
CopnyBuot OpRIIR LONBULD UoIISed BOUBIaIR) )S

UOHRLILIOI BOLRIE

U O ca@%ﬁ ¢
U wibioy Bues
QUIL0D 30 zoﬁﬁﬁéﬁ 10O

1 'DId



US 9,258,058 B2

Sheet 17 of 567

Feb. 9, 2016

U.S. Patent

Ly

.3

o o0 peads W

w,ﬁwmmam ‘g3 RINDLLE Aﬁxb_

20 40
8!

M.nomawm PO 10 BEUES LEDS ﬁﬁmwmm

=B

214

i

Nt

o

ou UBUM



US 9,258,058 B2

Sheet 18 of 567

Feb. 9, 2016

U.S. Patent

,/
oN N
AW kY

i
I
4
m\
-...
m\
I
4
m..
.:J ;
N, |
/v 4
N
NY
J./«.
5
//
*
M,
:
S
SN
7 Ay hY
Aﬁvmu f

Wcmmﬁmmmﬁm aw?,um

LA

B0
oot

Juchzzges shawy

-

o

Y TR .

AUBYBS

$7

¥]

N\

91 "51d



e,

US 9,258,058 B2

Sheet 19 of 567

Feb. 9, 2016

BLRADLY
ISR SONSULIGHE
\ Borsod eanduwion

\{x‘o//mx § uw

3 2IBIET
\w w30 obeus pis
P 305

S OERHSAYS
AL ) JUNOLUE
ftaons sandwion

\w_

BISLIEY 3B} AQ 1Y
40 UONRULIGHY
JOSUSE RIEAGG Y LU0 BENGD

U.S. Patent

L1 7D1d



US 9,258,058 B2

Sheet 20 of 567

Feb. 9, 2016

U.S. Patent

7

s ——

-t

SO ——— e
g e o

S L
\....Mu\ﬁ\\ o
AT o o

e i

-

s
o
o
e -~
L -
o~ o
ARl
o
o
e
-
-
o

e

e
e assmmnsnasngp”

e e

e

”

-

v

P

\\ >

o

A /

5, TN . o,

5 s, o,
\&izmm ﬂ.ﬂ »// fxf,z....xf....,
¢ K

A00eYs IpsUlh

81 'Dld



US 9,258,058 B2

Sheet 21 of 567

Feb. 9, 2016

U.S. Patent

| ,, - / ya
R e S 4 L ws\w,\ e
e S o . ” .‘\‘\‘.35‘\4\'
(T ~f— —1 i
4 vy %
iLA ' S

—_
61 "DId

M / dous 2aR00)




US 9,258,058 B2

Sheet 22 of 567

Feb. 9, 2016

U.S. Patent

D BIERHRT

LY
T e e,

N
N

- A The Wy
e

e

e

remonoemonoomeneomoncomonoms,

M.\..q.
MJJJMJJJJM M JJJJMJJJJM

L3 L1

497

L3 B

SILBA SDISUT

Of "Dl




US 9,258,058 B2

Sheet 23 of 567

Feb. 9, 2016

U.S. Patent

abeun auD

abeuy aud

abeun aud

S
200107 auy

WU

 BU
g 3ul
1 aur
LR 30 S0 sunsodxs

J.mw wn

12 914



US 9,258,058 B2

Sheet 24 of 567

Feb. 9, 2016

U.S. Patent

abeut paamde)

1 UDES JO U aunsodxy

ABVIUSURLY JO S UBSSH

¢ "9ld

wis ubn



US 9,258,058 B2

Sheet 25 of 567

Feb. 9, 2016

U.S. Patent

LAt

sBeuy paamdes

8
£
g |un
59U
P U
£ BT
£ i
T 2

BUN UDES JO suN sunsodxy

Adpiuisue

=TS

13 40 B

LOISSRUD by

£d "5id



US 9,258,058 B2

Sheet 26 of 567

Feb. 9, 2016

U.S. Patent

afpuy paanyden

g 2ur
£ Buy
G aury
& BUT
P U
£ U
T By
SU YoRD 0 swn aunsodxy

QEQIT

: s “ JFTHIUSLIESY JO Sy uoissiue JuBn
y %
$ AN A
0L

B Yid "Old



US 9,258,058 B2

Sheet 27 of 567

Feb. 9, 2016

U.S. Patent

3
4

4
%

)
sod

B

i
aunshdxs
Feter:)

40 8w
e AN

gbd Bid



US 9,258,058 B2

Sheet 28 of 567

Feb. 9, 2016

U.S. Patent

auy
Sy 2sns0d K3
yoes

SO B
ans0dxy

HELIS S A3 pun Jed selLEs o Jsguiny

IR
sansodxa
fialer)
Rex-t5¥1x]
snsodxy

b7 0ld

e e e e e T e e 0 A e e 0 e e 0 e o e



US 9,258,058 B2

Sheet 29 of 567

Feb. 9, 2016

U.S. Patent

GRLaAs JUBARl 01 BAISI U BINSOURE BSRSIN
B

BHEBURLNE BINOS ‘ AT o 5 i
: e ARMBAs 1IeASH 0F BN BANS0AXD URLIOUS
iy S1BUES 0} APl mm,mw%@ WO JLeATId 0F BU) 2UNS0UXS URLIOUS

%

2

R islolstnhen]
133

40 BlUR

i
»
i
i
ki
i
*
4
i
»
4
4
»
4
i
H
i
:
4
4
»
4
&
¢
i
:
4
i
»
4
b
ki
i
:
4
i
»
4
4
»
i
. $
minsodyy
*
4
4
4
»
i
4
¥
4
i
¢
i
»
4
4
¥
4
b
H
i
:
2
i
»
i
H
H
i
»
¢
i
»
i
4
¥
4
s
2
i
»
i

3ied 00D PIRIDALIEIU

C o uonessuab o BND SdUBUILINY

P annos JUbH SIBUHISS O INOMIG

2ay
amsotng

: Rty

: 40 Bn
ainsodxy

L | BDUEUIN
SIS
; . ¥ il
U U O U U USRI < . 22 S USSR S OO USROS

CYE DI



US 9,258,058 B2

Sheet 30 of 567

Feb. 9, 2016

U.S. Patent

O

&
*

497 "Oid

|y
MNSOxD
Lo

0 Bl
2nsodny

B
2Nsocxg
LaBgs

S8 B

NSy

SOUBUIIY
S0

p by



US 9,258,058 B2

Sheet 31 of 567

Feb. 9, 2016

e e e e e ey W e e e e e

U.S. Patent

O BIRIGOULIENL W m
BIB SRUYH BINSCENS By DU m

R :
asnsods :
Uoea
Froal=tE m
aansodny :

fas

@pgGs

SO FABDSULIR W B :
e soul unsohie Auep -

Miiiiiiiiiij.

I m— DL :

Gr0GL 7 NN . Sasodxs :
e "

SO m
3 aansndxg :

B :

k3
[
+
3
+
x
E
*
4
E
%
£
&
¥
¥
3
+
x
+
3
k3
£
*
i
£
&
k3
L4
£
M .
%
+
3
+
x
*
%
*
k3
*
£
£
S
k3
¥
¥
i
&
k3
¥
%
+
[
+
4
2
%
E
k3
k3

IOURRLIN :
| SRR IS i
, ¥ 3T w
BHOGL ;

A% "Olid




US 9,258,058 B2

Sheet 32 of 567

Feb. 9, 2016

U.S. Patent

DUGEIRUN B BNIRA

exyd

: pue 8bie) 5y
asiou Asusnbads udug o abusnyul

[

3054

d e M e M e M M A e e A e O o o e e A e o e o o A A e A M e A M e A M e A M A M e A e M A M A A M M A M A M M

S
G 2NSOARe

e

=

4+
£

Tter)
Jlel=10% )}
ansodxs

— } iy

£ =3 warmodys

i | ettt Rlgtet:

L]

1 BUNSCHXT

10 S

BIUBLIUIY

e

SATOS

3ubiy

DL Did



US 9,258,058 B2

Sheet 33 of 567

Feb. 9, 2016

U.S. Patent

£

[spuosesoaoiu] 3

&9

\

\

SPUTIBSCORY OF = 3 UBUM

HPZ D14

B0
ASUBNDDI

ubiyg yo
spriiBeag



US 9,258,058 B2

Sheet 34 of 567

Feb. 9, 2016

U.S. Patent

ot
e

{M751) (s mansodxg)/(pousd soUBLIWING 20N05

3405

ARSI SN R T S A ST T ST 0 00 80 U 80 870 80 050 40

o4
s Y (15 SEBIDNG

# O BO0Y
oty S 0%

KOS

GL0ss

. T
;5?3
L]
i~

Yo 08

A3 Qm

2 st By O0FT
BLOGL

P "ol



US 9,258,058 B2

Sheet 35 of 567

Feb. 9, 2016

U.S. Patent

sheul suD

abeus aug

Bupjuegg
G0tE N BUR
£ Bun
— JJ te— 18U
BPOLZT auy yowe jo BN NSO
Csumn
¢ 'O



US 9,258,058 B2

Sheet 36 of 567

Feb. 9, 2016

U.S. Patent

omaap uondaney

o

D3IADD UOISSILIBLIRI |

U
Bunpue
1yb

)
SGEAIBSOO 81 puds uoissaus b

;

z...\.v,.??sssssssx
4007 -

U053
%ﬁ‘%&)‘)ﬁi{i
s.tl.l!\til\.u}{;l\'i..\\t) oo

evanrineoe BOOET

Nﬂa,%,,mmm By Bumnue g 03 Juaddy

9¢ "Bld




U.S. Patent

Feb. 9, 2016 Sheet 37 of 567 US 9,258,058 B2
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FIG. 29
0220038
Transmission signal Moai;ﬁataé signal
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FIG. 30
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FIG. 42

Column in which light emitting
unit is captured most

1 pixel detecting light emission
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FIG. 43

Midpoint of captured part of light
amitting unit in exposure line

3

Line approximating midponints

- Pixal detecting Hght emission
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FIG. 52
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FIG. 55

Diffusion plate
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FIG. 61

s S b

x’"f{ ansmiss m>
C‘Q\»’KE‘I




U.S. Patent

Feb. 9, 2016 Sheet 72 of 567 US 9,258,058 B2
FIG. 62
— 26018
W

efevice ///)/

H
3
3
4
¥
¥
¥
>
H
1
i

26015

vy
T,

Move



U.S. Patent Feb. 9, 2016 Sheet 73 of 567

FIG. 63

P Sttt

(o)

e s S AR

US 9,258,058 B2

26030t
a Y
Servar M Internet i
" /

‘\,\\M Mw’"r

L £D03C



U.S. Patent Feb. 9, 2016 Sheet 74 of 567 US 9,258,058 B2

FIG. &4

- 2604a - A2604b

ﬂ'f.ﬁm —— \ ;’”"‘”Tmm‘”’“
Q\\»msrmss@ > Q&mma @)
device = device

2604




U.S. Patent

A e,
ot

PR rtsrre

v,

S s —

I, B N
{ {7 Transmi %s@) (FFransmmi gos*: 5 )
e device o \&MN% device -t

Feb. 9, 2016 Sheet 75 of 567 US 9,258,058 B2

FIG. 65
/26058 S 26050

2605¢

Point reception device
i various directions



U.S. Patent

Feb. 9, 2016

Sheet 76 of 567 US 9,258,058 B2
FIG. 66
25063 R 2606h
((//f;§;§;gm$8tﬁﬂ \\ s \\\
e device \»NMNM
Ly

2H06¢

Mowve



U.S. Patent

Feb. 9, 2016 Sheet 77 of 567 US 9,258,058 B2

O

//

- 2007h

g M’“W-.
(f:’ﬂ ammss;%}%‘*} L2607¢

kS
e device

Bosition
setting point

Morth labibuda:

38. 3AVBSARAHAY degress
East longitude:

ob, bbbbhbbbobb degrees
Altitude: co. concecen meters
Leval Sth Hoor

.

.«/"‘*\E
9, /




US 9,258,058 B2

Sheet 78 of 567

Feb. 9, 2016

U.S. Patent

SR087

£

0ez”

ASAamY

B0IABY

UGBS

A
/
|
\x\s\s iJlJ///

. -,
R € IAES TH S B
| HAGAMIBN /

// g\\\\

N tin o

agose-

89 "'5id

£ I8097

\N\&)& ﬁi&wm My



US 9,258,058 B2

Sheet 79 of 567

Feb. 9, 2016

U.S. Patent

qe00ye

BEOOYT .

|

yea

ke

fp7 e

AAGERE

ommns fonminme]

o
<
Py
H
-

)
&
-
N

W
o
43
o

i i o T R
i andu en0vE” So0vE T GROVE”

Yooy




US 9,258,058 B2

Sheet 80 of 567

Feb. 9, 2016

U.S. Patent

it Bhriogs
ENEEN

STOPF i BDRIOIG

Win

™
SOEINGWIDT
N o

i LBy

BABD

TR Yad
wEugeny 1 T EPL

Brovr” 4o

1 EMABD 0D
WITOP? FREIRUET

i el




U.S. Patent

Feb. 9, 2016 Sheet 81 of 567

FIG. 71

28004

rannands 5
s of inaning N
seaapis‘oss m;w’?}z‘

;\gzius“‘x =.

N devinss &

!

US 9,258,058 B2

E shant frpagiiyg O

e

i

o

¥

shuiter spesd?,

PEs

3

pa

-

8

*

wiiich

QF CONREC
threshoid,

i

iate linear of QuUAdTELc aporonimats lne connectin
E/
s i 0T GRDOnLre

gred e pEr Exposurs
ane Frame and st exposure Hne of ¢

mrg is gosebar than proedetormined

frame in the f*&e whzre bias z&zm

e

iopaiiern and add frarn frie decoded info

PN %

E topattern indicating referen
3 f:.f::«:” SADOSLY

fromn signat value

4 e
[RERES

Catoulats da

i gt and address ‘é"ﬁ?ii‘f“”.f:“ elesiutuy E

B8Udp

1

)

o 28DOF

£
@
&
&£

2800k

ZRO0m

- RBGON



U.S. Patent Feb. 9, 2016 Sheet 82 of 567 US 9,258,058 B2

FIG, 72

é : X

4
Set ;:c}\;\;t on recognized as currant position of reception device or 28018

current position probabiliby map, 8s self-positon privr information

;ﬁ oy device o Hoht smitling b

Boint maging unit of PE
unit of transmission d

’

ate pointing direction and elevation angle of imaging device
f"‘(si’?‘t conanr wvaloes of acosiamraets 2, GVPGROONS, ﬂt“ “‘ad‘}ﬂi”’k’ Ll

¥ 2801

ern sl obtain ransrdssion f;’;grsaif

Capture mage of light amission pe

{alculate distance betwesn imaging devize and Hght emitting unit, . 2BClE

from information of size and she SpE 0 £ ermnitting unit iciuded in
transnission signal, size of capt shi ermiiting unit, and imaging
magnification factar of maging

ure
i

Caiculats relative angle hatween (iw”i ion from maging unit to o 2BOLE
Haht emnitting unit ﬁﬂd normat ing of imaging ;\ ane, f‘f"az*“s position
05

of light amitiing unit in caplured imuge and fens characteristi
\& RSO g

Calcudate ralative position relation babween imaging device and light {7
araitting wiit, from hitherto caloulated valuss

Caleulate position of reception devive from pusition of lght emitting ~..f&’m
winit inciuded in transmission signel and reiative position seiutwr
hatwenn imaging device and i ight smitring unit, Nobe that, when 3
pluraiity of transmi éss\}'s dewu 5 oy be abserved, posit as) ‘of rec:
device can be caloulated with high acouracy by calaulating courding
of §*§mgmg devics §ms~ signal intluded in eag i transmission device,
Wy & plurality of ransmission devices <an be oliservad,
trianguiation v gpohoatds,

-2B01
nt position or current position probability map Lo 48

i prior information and
pticn device

A
ik
-
<

fon
$234

i}}:@ date currg
of recaption davice, from self-posil
caioubation regult of pogition of rec

. ’L - 2801
Mova hmaging devica l
iy 4‘ R0k
Calculate moving direction and distance from sensor vahiss
of accelerpmeter, gyroscepe, and magnetic 3ensor

L 280Tm

Latoulate moving direction and distance ram Caplured image
ard orgntation of imaging device

E




U.S. Patent Feb. 9, 2016 Sheet 83 of 567 US 9,258,058 B2

FIG. 73

L 28023
Fress DUtton Dy ussey

k

Cause Hght emitting unit fo emit light, where
signal may be expressed by light emission pattern

¥
Record light emission start time and end time
and time of trangmission of specific pattern

Y 28024

Capture mayge by imaging device

¥
Capture image of Hght emission pattern of transmission
device prasent in captured image, and oblain
trangmitted signal, where light emission pattern may
e synchronously analyzed using recorded time




U.S. Patent

Feb. 9, 2016 Sheet 84 of 567 US 9,258,058 B2
- 2 n
{ start }
¥ 2803a
Recolve lHght by light receiving device or g
capiure image by imaging device
¥ L 2803b
g " Y
< Specific pattern?
N, 7 N
Yy
. . . - .2803¢
Record start time and end time of light reception or -
image capture of reception pattern and time of
appaarance of spedfic pattern
k L2803
Read transmission signal from storage unit and B
convert ransmission signal o ight emission pattern
L4 2803e

Cause light emitting unit to emit Hght according to Hght
amission pattern, where light emission may be started
after pradeterminsd period from recorded time

b4
{ end )

Y

Ncenscrmsoossossossossoatd.



U.S. Patent Feb. 9, 2016 Sheet 85 of 567 US 9,258,058 B2

{ start \}

m—— = - . 28048
Receive light by Hight receiving device, convert
received ight gnergy 10 electricity, and acoumuiaie e
converted energy

; L S——— . 2804h
Accumulated energy greater than <
or equal to predetermined amount? Ty
Yy

Analyze received Hoht and record time of appearance of
spacific patterm

. 2804c

¥

, P : - L 2R04d
Read transmission signal from storage unit and '
conveart transmission signal to fght ernission pattern
¥ )
Z2804e

Cause light emitting unit 1o emit Hoht according to lght
smission pattern, where light emission may be started
aflpr predetermined period from recorded tme




US 9,258,058 B2

Sheet 86 of 567

Feb. 9, 2016

U.S. Patent

Au0EIs BpIsul

94 "oid



Sheet 87 of 567

Feb. 93 2016

U.S. Patent

5 P

Ldd B GuRsL8

4 g e

P
| O e

XTI 1‘
f - / /;f,ﬂw\.!w. /HJx.‘vﬂ.\&\\n\ﬁ. -
(((ff{f\ \,...,

kN

i

W
il
ook
™
4

DIDILBA BDISUT

L4 DI



US 9,258,058 B2

Sheet 88 of 567

Feb. 9, 2016

U.S. Patent

BL0L2

doys #8100

- e

84 "Dl



US 9,258,058 B2

Sheet 89 of 567

Feb. 9, 2016

U.S. Patent

gimied eubig

WAUYSHGRISS
HOIIIBULOD SERIRINA

LD UL
_ LHEDIUBYINEg
VDIITRUUDD SSRIBHM
e

64 "Dl

sunydiswg

21007



US 9,258,058 B2

Sheet 90 of 567

Feb. 9, 2016

U.S. Patent

3

7" ™

Luissnusuny 4

S ..\s.,\\

Q 37047

ez0Lz"

08 "Old




U.S. Patent Feb. 9, 2016 Sheet 91 of 567 US 9,258,058 B2

F1G. 81

T x__&\%‘ 5 :}‘?{}{;{} ; Y e

\\\ v\f\ y “‘7. e
N .
<N //“/ )
I e

RN

B oo

=
e S

- RN I
e

< N\

‘1'

N,
Ay
/




US 9,258,058 B2

Sheet 92 of 567

Feb. 9, 2016

U.S. Patent

ammmm:ss;;muwix

PRttt

eGos7

o
()
.,/ﬁix ;

/v((! {!.!,l\....ssi.w“ .

= /\n\, \\\.

ummwwmwx\»wsz\

28 "Dld



US 9,258,058 B2

Sheet 93 of 567

Feb. 9, 2016

U.S. Patent

BAGD LIOISSILUSURSL IHADD UOISSHUSYRIL IHABD UOISSIUSUR]
:7...\ ’ :x.._..\. o
REOLES el 8L

€8 "9l




U.S. Patent Feb. 9, 2016 Sheet 94 of 567 US 9,258,058 B2

FIG. &4
2710 2710d
# 5 - — : \
! oo P‘,.,/z? 1{}@
O
L2700
2710¢
LN . e j
. O \

Front ——




US 9,258,058 B2

Sheet 95 of 567

faosz 160LT

2H0LLE POl

L /.:s.:

LT B 11T TR

L 5 %E@ Buitaiens w m,mmﬂw«w Busarana
UG0LZ~,  ooiol5 Wb | o80LE~ EREYES Wb

pun Bugpyue b

wun fursus b

EiRis]
Butasnad

7 SHASD UGISSIWUSLIRI Y

JHun
Biinians

1 SNABD UOBSIUISURIL

Feb. 9, 2016

U.S. Patent

Wb 14517

beosz 6oL q60L8" 25042

48 "91d



US 9,258,058 B2

Sheet 96 of 567

Feb. 9, 2016

U.S. Patent

STTiz. BILLT. PTTLT.

3

Y

%

TG
sheirs
adnyy

L
abring

TN
Sunnuys
1017

AAARD

PIILZ"

HUN JUsLRDENY

UOHSSHUSURI]

DTTLE

Jiiitt

Bupnng J0 4004 40 gpm “wm%m}\\ -
: i e g e

o

afipicns

LUETEL

S0 JUEBLUIDELY

Z

CLIRDGLNME

o

UrtLz o

IANADD
IOUCD DeZBAUED

Brisz

898 "Old

BY1LE



U.S. Patent

27124

Feb. 9, 2016

LG, 87

7120

Sheet 97 of 567

US 9,258,058 B2

LR2TLEC

Transmission

Shape storage [iSignal analysis
U

davice Lnit nit
Light g Light
e o g8 -
amitting &i?gag receiving
St ’ unit

B8
e,
"2

712d C2712e  “2712f

Recaption
device

Imaging

Uit

“2712h

Light
amitling
unit

71




US 9,258,058 B2

Sheet 98 of 567

Feb. 9, 2016

U.S. Patent

BETLT . HETLL BELLE

WU UOTED Jran mmmm%w
™ T e 34 iRA £
~HIRLULUO D RERI0E LB
3

pLiLe

abBrioys asdeuyg

ADABD
UCISSIUSLIREL

feriz

LT LUORED

£TLT

U SR Y
~JURHARID TS Bubeusy wondanoy
yetse
BEILZ. 48127, BETLE._
- >
yun uopesl  pun mzaw%m
Al | Bt | R T

RETELS)

PETLT

abeins sdeys

SIADD
LUOBSRUSURLL

3614277

GETL7

™

m
93

g3

HUN U160
-1

LALIDTS

LT

ANADD JOIIOD DRZERLUST

88 "Dl

T Nl




U.S. Patent Feb. 9, 2016 Sheet 99 of 567 US 9,258,058 B2

FI1G, 89

o27%4a 27140 L37iAd

- :
7 g . 2714e

Linht ammitiing unit

_2714f

20 barcode
reading unit




US 9,258,058 B2

Sheet 100 of 567

Feb. 9, 2016

U.S. Patent

W
i§ i
/Y

L w..t ;M ' N I ®
Ao G514 , .
A : - s
L) H . 4
.\\ /,./fx o ; ;
E -y 5 \
7 % i P
& %
. ¢ 2 .
5 ¢ b N
N Vz e ; J.
(1o el S :
\ P -~ ¥
> !
/?:ﬂ.,\ . P v\...ﬂs.{.(n.s\ -
, . . TaN
e . "
s , L B
. ¢ el *
A ’ e
4 : - &...\\w.)..ﬂ..,
P I i’
B : i
N - I
&

A PRRSS

LA

L3
18]
-
o
™~

\\

06 "Did



U.S. Patent Feb. 9, 2016 Sheet 101 of 567 US 9,258,058 B2

FiGz. 91

- 2716h

27168
;3': N,

| 2718d

Electronic device
{MICTowWave oven)




U.S. Patent Feb. 9, 2016 Sheet 102 of 567 US 9,258,058 B2

FIG, 92

27170

2717c
i L2717d

271ra

™
/

27176 2717




U.S. Patent Feb. 9, 2016 Sheet 103 of 567 US 9,258,058 B2

A7 83w




US 9,258,058 B2

Sheet 104 of 567

Feb. 9, 2016

U.S. Patent

FELTY DASARLR LT

anose””

aburs Buibeuy

ennse

be "DId




US 9,258,058 B2

Sheet 105 of 567

Feb. 9, 2016

U.S. Patent

wun Bumnus wbn | S————————

\

GIO57

2Bues Buibeuy

N \\ i

apagysTT dEEn 0y ARidsig

56 "Did



US 9,258,058 B2

Sheet 106 of 567

Feb. 9, 2016

U.S. Patent

IERRET

49550 03 Apddsig

W

yun Burpnus jubny

" e, s \\.,\
QEOSLT

abups Buibews

\
RIOLZ

96 "Old




US 9,258,058 B2

Sheet 107 of 567

Feb. 9, 2016

U.S. Patent

. /,

m

U BURUD UbN

38058

b BBy

oc0527"

N
A

L

3 BULLE Wi

QEDSE

abhues Buibs

243
g
el

26052

DEBSTT ussn 03 Avidsia

£6 D1



US 9,258,058 B2

Sheet 108 of 567

Feb. 9, 2016

U.S. Patent

M U BTN 1B, W

Gr0sT

abues Buibepuy

ep0sz

826 "Dl




US 9,258,058 B2

Sheet 109 of 567

Feb. 9, 2016

U.S. Patent

3

J

M TUN B uhn

45058

abur Bubewy

25052

66 "Did




U.S. Patent Feb. 9, 2016 Sheet 110 of 567 US 9,258,058 B2

L2
)
fae
[S 81
™
. N
// N |
S
@
431
=3
[
ey (}
) 4
j %
(83
2
£y
A Aﬂ/ )
e f‘

Fits, 100

L 2508b

#3?5
uf’?»?;’{gjg —
Y

L2 Bl6a fw{’
g

Imagin
FENEEe




U.S. Patent

FIG. 101

Feb. 9, 2016

Sheet 111 of 567

,,\\\

Display to user

US 9,258,058 B2

25075

.
T

"{».; ’;”s’.:‘j‘} A

25078
imaging range

.'/q

kT3 —
Fey
“Nméiﬂb




U.S. Patent Feb. 9, 2016 Sheet 112 of 567 US 9,258,058 B2

(]
&L
L
13
o
’.\\
% N

]

&

ber]

2~ Yo
i

[%

]

F1G, 102

250843




U.S. Patent

FiG. 103

US 9,258,058 B2

Feb. 9, 2016 Sheet 113 of 567
[
&
<0
[
th
¥y
3
3
et
o~
3
Redi
£
K\\‘“ S
121
S
o]
w
N
A
£
[}
o
0%
4




U.S. Patent Feb. 9, 2016 Sheet 114 of 567 US 9,258,058 B2

£

2 ¥

" £

N B
"\. // / ‘g’,‘ \

S
..

£
- 1

s O
moo
N

<t
L
GO
VU
iy
[ P
i AN
s //r .
e
H 3
] 3
[ JU. |
©
o
ST
s PR O
S me ¥
a@v o
R e
\_ J
S




US 9,258,058 B2

Sheet 115 of 567

Feb. 9, 2016

U.S. Patent

LU
< 7™ ' o N
9 9
% ™ / R
3AG 09T 21AY 0%
%08 %0
5, ,,/ \.\ \.\.
q1i5z” e11ge"
G071 914




U.S. Patent

FIG. 106

2812h

Feb. 9, 2016

Sheet 116 of 567

£
% {:;}
o
s
/ - —
dd
S
R
2 LN
[
S

Time




US 9,258,058 B2

Sheet 117 of 567

Feb. 9, 2016

U.S. Patent

157"

-/

4
vy

estsz
L0T "2



US 9,258,058 B2

Sheet 118 of 567

Feb. 9, 2016

U.S. Patent

7 ) %
/fv/f/\e\ \...\.... ff// i /(//
ayise’ / epycr
AUHG
201 'S4



US 9,258,058 B2

Sheet 119 of 567

Feb. 9, 2016

U.S. Patent

B
Ao
-~ PEN // - e
(L L \
4 ™ g A
T R
\\m\\am Buinnue \\\,m sy By tc&«.ﬁf/:/}w/f/
‘%&mwm e ./4 4..%» " ) \\\\,,.. H
N, ,fwf;;s%i%xx\w S g
SNV e e e st e
ﬂx/ \..x

I o, \ I
% /tc e = & AM/ f/f» ~

“ SN

peTER”
LSS R /\ 5158

Aung
601 "DId




U.S. Patent Feb. 9, 2016 Sheet 120 of 567 US 9,258,058 B2

F1G. 110

_ Light ‘
S, mitling umt 8

Light

b, THELIG unit




U.S. Patent Feb. 9, 2016 Sheet 121 of 567 US 9,258,058 B2

FIG, 111




U.S. Patent Feb. 9, 2016 Sheet 122 of 567 US 9,258,058 B2

FIG, 112

60015

.
i %

e
wwwm@\wmwwwwwwwwm
M"'“'\,_ /"?wm{*: /?""”w’?»\
i U W O
¥ . . $’ kY
i o o
x{\;},i@{

~

5001 6001a



US 9,258,058 B2

Sheet 123 of 567

Feb. 9, 2016

U.S. Patent

FIG. 113

6101



U.S. Patent Feb. 9, 2016 Sheet 124 of 567 US 9,258,058 B2

FiG. 114

: A
& & Al &

4
g

\ )
% : )
Y i
i H
:
$

:

i
i

i

§201 6202 6100



U.S. Patent Feb. 9, 2016 Sheet 125 of 567 US 9,258,058 B2

FIG, 115
6302



U.S. Patent Feb. 9, 2016 Sheet 126 of 567 US 9,258,058 B2

FIG. 116




US 9,258,058 B2

Sheet 127 of 567

Feb. 9, 2016

U.S. Patent

BO00 w

‘Mm%wamamg 1

5

—

e

3000t

\ / 1pARDEY

H

N FM

aoooy

1000%
7
N
@0 NN
1By DRl w =7 \Awa m\.
30004 A
poook sy

7 7 SRl

L1718



U.S. Patent Feb. 9, 2016 Sheet 128 of 567 US 9,258,058 B2

FIG, 118

] : t }
§ Transmitier fii}i}ia

/ 40010

vy

Receiver




U.S. Patent Feb. 9, 2016 Sheet 129 of 567 US 9,258,058 B2

FiG, 119

Recsive signal from a
plurality of light sources

. 4002¢
Separate sach light
source from lght source
area and obtain signal

AG02d

/ Number of \*\ 0
\ obtained signaig?/

Graater than or equal to 1

4002¢

Execute process
included in signal

2

40028

D)



U.S. Patent Feb. 9, 2016 Sheet 130 of 567 US 9,258,058 B2

FiG. 120

_ADD3Es

| | & R f'

Lf ;{6’/ &= /Wj’

4003¢

Transmitter-receiver &

1
o
_




U.S. Patent Feb. 9, 2016 Sheet 131 of 567 US 9,258,058 B2

"“"w? \'\ i/w \’1%——{
""w /f
g”’ﬂ(\“%
Y
goord o ]
& y
ﬁ gf “,\\ @ ‘a\ ~:
R ) A,
& S & ‘-
3 C:) m %
) = < &
e R Lo
. P <f &
e o o <
5 E
L .
& /‘ =
T f o
i L3
\".
i Lo
) G4
[ @
bod bt
A4 L
&0 i




U.S. Patent

FiGs, 142

Feb. 9, 2016 Sheet 132 of 567 US 9,258,058 B2

3 & fead
L\ AN nT g
23 TV DD 2,
S\ \
F 0N \ wZ
A dw EAE
\mm PE
i}
4y
o
o

trading
100m

T
e,
Mo,
DEVIETY

/’ﬂfi:? IS wi
//g,:? LTINLT T7
LD LT L7 07 67
L7 LT 8767 £7



US 9,258,058 B2

Sheet 133 of 567

Feb. 9, 2016

U.S. Patent

LIOIIZUI0IUT DRIRIDL-BRIAMSY

SdAl anissan

SHISLIDIIRIRYD
a24nos i

19005

ecl

"SI

qo00t”"

eGROY




U.S. Patent Feb. 9, 2016 Sheet 134 of 567 US 9,258,058 B2

F1G. 124

imee =

7o

7

sy




U.S. Patent Feb. 9, 2016 Sheet 135 of 567 US 9,258,058 B2

FIG. 125

3

Nan

Light blinking

ight blinking
Light Blinking .= 7




U.S. Patent Feb. 9, 2016 Sheet 136 of 567 US 9,258,058 B2

FI, 126

CTransmibber devics 1301

- LERG

oianz LGk -
Light ) gent

fransmission Gy
instruciion button

Lo 1303

o

1306

Fransmissinn

Activation :%i:a%:e:

management

prd
o
=
=y

Hi

Activation

: i
Bistory | -
i

< 1309

B, iﬁ:*{:m‘ !
MEC (Simplified 1D)
cormmunication :
Gat |

E (112 o -4 130
TS S 3 o o
<o B Simnpiified
. ; i
Storags | e —
H
H

Dy

- 3315 P ¥

s

Information Akt ation
Agirdrens managomant Mprecessing
informatior unit unit

et nn s S F

1318
I - / S1318 0 1318w

/ - COTITIL
f«i}?”sc‘{it tion Conne *“io _ % cation
information MANADSTIANT i

Uil

e

st s




U.S. Patent

Feb. 9, 2016

Sheet 137 of 567

US 9,258,058 B2

{ameea

activation i

o 108

g unit

fLight

1406

Biink information flinking
3 viviabion unit

Ry

ot
b
<
¥

: Information

interpolation unit

Cloud

operatonh

1407

inter-tevl

Wi
COMITE
cation

WLAN, 3G




o

US 9,258,058 B2

i
i

e L

H

N

3o

-

k<

1D01d

13

k3

o of cornrrinicatic

b

ere

HE

e

i
G0y

ih

HERH

(sl

e
F

+ This mark
G013
i

iﬁ

N

1
Glate
1

23

b

PR

X

AR

&

3

.

N

HeitEe

Iate s

4
4

L

i

o

-

ey
w

Sheet 138 of 567

G
G.
o

i

Feb. 9, 2016

bwice

et
foned
2y

e

=t
s’
L2

O

B

U.S. Patent




U.S. Patent Feb. 9, 2016 Sheet 139 of 567 US 9,258,058 B2

FilG, 129

B
v _-51002a

Liser activates applivation for abtaining
tight blink information of smartphone

gy

Fot

ki o 5

Irnage obtaining portion obtaing biinks of light
Blinking area determination unit determings
blinking area from time series change of imags

) - S1002¢

Bink information oblaining unit determines
oiink pattern of blinking area, ang walts for
detection of preambie

¥ -S51002d

If preambiz 1S successiully detected, information |
on the blinking ares is obtained S

ki 510020

iV informalion on device 1D 8 successiuly oblained,
ais0 in reception continuing state, iInformation is
transmitisd to server of cloud compting system, and
information interpolation unt performs intarpolation
while comparing information agquired from cowd
computing systeny o information oblained by biink
information obtaining unit

v - S1002F

When all information including informalion as resuit

of interpelation is obigined, smariphong or user is notifiadg
AL this Ume, GUI and reiated site soguired from cloud
computing system are displaved, thereby aliowing
aotification 1o include more information and be readily
understood

3




U.S. Patent Feb. 9, 2016 Sheet 140 of 567 US 9,258,058 B2

FiG. 130

Information tr
whm E'mm el
T I

romte
GTE, USA0E COu
UBEY, 10 sr TEIADers

Examphe of data [0 be transmitls

N S Mo Information

per 1 10 2 seconds .
aneousty wu 50 SUALS { 8
NG m‘m rastion

s

a6

4
:
£y

s anarabinn
Grnation

Servicem

P
-

t:@mtss‘

&
Smin
of o g :
P o B e ; i.%ﬁi'} M’me“
anda:%sf.:}aws a0 informstion
piay ; 1
EY

W SRDO3E Information transmission for ong time
: tg} b
viceman
far by

incase o i
handie ; .§ 2 ; a
who gives support is k

LRV G
Information on homs Ciric aﬁﬂi&f"fﬁ:,
S?’ﬁi‘uizig jereRe] i‘.if}.i, f}.}d InCATnn are

Hizadd

ACRIMAn § s.n 3 f':".cci of home elecinic
ance to support mods by pressing
Hutions ?*Mfm fin g};ac'@%ez'r"wc oreer

4
H




U.S. Patent Feb. 9, 2016 Sheet 141 of 567 US 9,258,058 B2

FlG. 131

_S1D04a

3

Lergicaman Oresses 58 obbin Mote § §3f§{ P Lo*‘;%??i@ it ’Q?"'f{i:i'ig
light blinking portion does not

h;gﬁm; receiving terminal if performance
thereof allows detection o biinking at deperid ¢ {:;._{; whethor NFC
h } } function is ;}?Q"Jsﬁg&

sigh speed {e.g., 1000 times/s

~510040

LED of home electric appliznce blinks in
high speed mode




U.S. Patent Feb. 9, 2016 Sheet 142 of 567 US 9,258,058 B2

FI1G, 132

S
&r 510058
Blinking is continued
¥ 10050
User abtaing LED blink

mformation, 1King
smariphone

k e B POREC

User activales apphcation for obtaining
light blinking information of smariphons

¥ - S10054
Image ohbiaining portion oldaing bilinking of light

Blinking ares determination unil delermines
bhiirdding area, froom Hime caries rhange in imags

k 51005

Blink information oblaining unit determinegs
plink pattern of slinking area, and waits for
detection of preamiie

O05f

o

k4 e S

If preambile s successfully detected,
information on the blinking area is obtained

¥ - 51005y

It information on device 1D s successfully oblained, also in
reception continuing state, information is ransmitied 1o server
of cloud computing system, and information interpolation unit
parforms interpolation while comparing information acquired
fromm cloud computing system with information obtained by
blink information obtaining unit

\ - 51005h

When all information incdluding information as resull of
interpolation is obiained, smartphone or user s notified (at
this tirme, GUT and related site agguired from doud computing
system arg displayed, theraby atiswing notification o inciuds
mare information and be readily wndersiood

»@

H




US 9,258,058 B2

Sheet 143 of 567

Feb. 9, 2016

U.S. Patent

H

&
Lf

BESIA AG DOUISURI BG uRD | ABOLING [RLBE D
BN jzmmra OB ?wcw FHABD JOUT I uﬁ Ay
SSGETAG uniss &w suby, pueg’ wah sigipng, < Avlain
GO ARFis uom, L uomsies i uones ?:?ES e u M

”

LoD }i
il
533

paipdad 91 LOREMUNUANG D BIQISIA DUBR TREBE0D S
{IRULING [RURS DUR JRHUNG IND0A0 T UORPRLOIE 30ARY

PLOOZ A

oL B4 01 DOBY SBUNIDS 1LY 38U DS

AU B0 JCHDTR,, B UoISSRUS 1Bl IRy
apoy wosyg oany sBugos I, ‘erEw uBeg 1ou oary SBUMIes eIy i
K3 ) SLENS vonRedo BLLION -
ITOOE 2
J1002 A

SOEUL UBRG ARy BUITISS MN PUB

BULISS LORBHRISUL ST Yo sBUINES jeimuw
SHOPUM DRNISLD S1 1 BUISSENoId LES sy
SRR el A
DHASD UG SUI DS
BRIOOL

¥

_ HEs

IR ENIIE



U.S. Patent Feb. 9, 2016

FIG, 134

20023

ﬁ;e«mc;" fuminan
"hurnan sensing sensor”

ght receiving
P proel v ?«/

Sheet 144 of 567

US 9,258,058 B2

¥

sensor”, & i
L3003

LN

Visitde ligh
staried hy peroeg

Hon i
iy A trigese

¥

32002¢

ight recsiving terminat

na covics information ust 34

k4 - 2002f y 2002

g y_-2003h

20025
P

ard, by

‘mc«wf«? 35
fight control
desvice, Ul Hghit
of raom g
{mtmﬁcﬁ uff &M
elain

vy M
wmmum cation”
ard THNW
LTI em cARtoN®,
ﬂ"} i daneios
information has
Den perceived
and ohtained

it is perceived

.-:9"- t
e nigsion for

device
information i
SEopned

After cert d;ﬂ

SITHSRON ff‘s
devica
ffurninaliun is




U.S. Patent Feb. 9, 2016 Sheet 145 of 567 US 9,258,058 B2

F1G. 135

assing by visibde Hght
e {:N:ﬁf} ﬁx,"v‘i’ 5
Pphone}

{CHouG Compunng system}

53]
=
o

ot smariph
has reca 2

Lger mfonmanon =

)
te:wjhvnm Aum bar,
e~ addre RS,
and adddress

20030

Coflect aser information
frovn slevies in m szs* ¥

e
oy

20038
Codbech information
aecessary for imfial
o »et? 1% and ék tivalion
1 nforyaatl o, s;r;
davice inform 3 m
pasition :mm*s‘m. {ig

3

Transm :iC
mformatia
o sf*frwrf‘a?
o 'mﬁ\ ;saf o0 o
cioud server

Transmpit ér\vs‘m
m o n’sai

baonmaduvmvvanmavrrrvrrannrnnvrsnnnmnlir i n A e e

20003
uiﬁeﬁ: COper inn
:-)E* g
coaneration

: hlhﬁmu.sm*;m
i wghﬁﬁ a0

§<e ’inuﬁ,.c?i” 361 sething

with davice in "‘ib-v':.ity
H

: Tsatsﬁﬂ .éié”-(i

26{}3&

Make ﬁ«wca sathin
using indbial settly ~c
information, activarion
information, am:
f:eog} FALON A1
infoomnabion

C’*O{)tfﬁé‘n
?f\}iz-‘?tiﬂ. tc:

smar ?g“ MOTR

‘.,.,H\“.,..M..,v;i;\w“““““«“ww““w»”.« [




U.S. Patent

Feb. 9, 2016

Frocessing by vi Bibie Hght
X '\"Zﬁ" deving

fbai 2*. M, FEUSIGING
serninal for exclusivae usel

Sheet 146 of 567

FIG. 136

~

Recors b

Wﬁrmm%

Do g orra e R TR R R e e

¥ . 20040

a~

ard eryor
; .:ea\sva
it 35‘{‘{;-:..@%

e

iy

iy
ase of simartphons

ervay nformation

¥

(R

US 9,258,058 B2

au us:‘i :m‘ﬂ;mtmg synbam}

- 2004

<“\t'as“ product ‘Y}*O?’f}"ut'

20 .<s{'§»

v&ﬁ(,a

LA A VA WA WA A W W R T TR R R WA WA e e e T T WA T A A A A W WM W A AR W W W R W W R AR T W R R W W e e e s T W R e e e o e e




U.S. Patent

Provessing by v
ight transmission device
e fsm Fleamng robold

i
{4

{ orar 3

wmr @5

v v v wn v m m o m ma e e e m % e A g ve e m h aw e A e s e A e e

3

Feb. 9, 2016

Sheet 147 of 567

FIG. 137

US 9,258,058 B2

and tim
valag, &

HEP mnfs,'» mg h« ”

vl
i Uf;*t‘

ay

::Q

N i fu* hat

h fiw in :;M* Aﬂ"m s

he lay
Claan

fagoony

f{:nd

24 ,,n.
4] et red by

Lomp rasSIon of dirt

:és“‘-:mr‘:;atmﬁ

¥ 2005d

Transroit divt
o dighting «
ﬁi

revialion

by
i+ 5%{}?\
urication, which ig
by teraporary
§ H §3’§x3
& of suckion

o130

“’C

¢ Eetiate
information

SErvRr
" ia

gLt ‘.;f"'(”:
fon o dirt

|

I T Y

w?(;n};mrv

and recardin o of ditt
iy

m( i3, Wi
Ly transmi

ation

fle vy

nitas




US 9,258,058 B2

Sheet 148 of 567

Feb. 9, 2016

U.S. Patent

RO

RSN SRUN0E HUN SO0RUE WYLORY U J00DING L
1 .wocmm_ WIS D) DRNDY B m.wwam a0

HHR SRS 3T

AIBAHAD JO |BALLIE 30

3 usnesnou 4o uondasses wdn o1
O IBALIAR \mméc o3 mwcm&mﬂ.w,.«ou SOOI SDDA0 4T
AR

B0 40 BT 0 SHUHG HOBUD 6

LD O BASLIED BUIsh jpuiii el apqow
SPUUHTR B0 U DuiReane
UG BIROW JHBARD 0 OTRNG 8
LOURUNESD ASVIDD B 07 DIUILINGS e
S WL A DD L 1o SE i3 x RGN JERID
AL 3 Buipung
SRIDANET G PIRUED A (1 50 6 SHEG O 9

Rl

spepyada BEI0pE AFRAGED SO
LRGN ST HLISURS 08

LR EBANRD T SBGLANLE IBT0

:-Hf

BY00E

2%

BAns Baaa ﬁﬁ 3

wu?wu fw).w@.,w

MMM

prace

Z

H

P
s

QIoser

T CHIEEENG ARG R0 e &
L3RI %ﬁ RICietEts SRPILIS NI £I TN v.m b2
AOOTHIT WIODES BA OF Jeuanid Asaa gy &

e

3

Hi

T P
§ DT SR B3R

821 "Dlid




U.S. Patent Feb. 9, 2016 Sheet 149 of 567 US 9,258,058 B2

Dretivorer

Oraderse mabile Interoom E
¥ mnbile erming

ndosr unit

Ruserve pizza deliy
W eis i}saww uz Eatink i
prhcation of from es,msmm
fm«r‘;;hw:;: te‘s}smai oo un

v

A

ait for 4 FJ

3 e JOG2D

v 300K

v information
ey numbar,
acidres:s,
hers

. Lf‘{:*“”‘:"i!:‘- H
?’\’ﬁi/:«;p. bt b
vt "j RN IR

rider number w
“*e */m'z xfffmm* L1

@ are in San
3 method for

Brasmend tum»,; nubar via

network may aiso be used)

sf“.;

¥ 38000
Wath unt ;5 s’ ~=‘.'3<3 i
4

anpive ordae ; aetivated
fram amartphong LE&"L‘ h

E

.QM recaived by
awi LED §~~£’t

o
s
Pt Cu——




U.S. Patent Feb. 9, 2016 Sheet 150 of 567 US 9,258,058 B2

FIG. 140

Delvery order server Qrderer mobile
. t@rninal

A

v 30038 \L /,,_...342383@
B Walt for order number Select what to ordar from
maenu prasznted by dolivary
¥ 30030 srder server
Na ;‘({)m;avmw ordder 'fg,}ms\ -
oL RARHVETY i SRR 3. ﬂ.}{} .,t§‘~‘
T been received? / 3 3003
3, o P .
Ve et and transrail order
¢ 25 3003 o delivery server
2 S . 3 oo sn ooy o gy 54
Issue order number o input and transimit
received delivery or address if dalivary
eceived delivery arder destination is not
30034 o
Ry > 1334 ¥
¥ Pt NG /T T 300 3y
- X ) A Order number has baery
Motify delbeerer that delivery recalyed?
order has been received N
LYes 30030

Display recetved order number,

Py
{ Bnd and prompl user i buch

irfarcom indoor ynit

/




U.S. Patent

% -~
S\‘& by camera? /

Feb. 9, 2016 Sheet 151 of 567 US 9,258,058 B2

FiG. 141

Orderer mobils
rerminai

oo E

300493

[ Activate comera in |
No foorder 1o recognize
LED of intercom }
outdoor unit at
yelivery destination /

Yesg

¥ 3004

Idantify blinks of LED of
intercom ouldoor unit

at delivery destination
WEing camerg of
daliverer mobile termingt

b3 3008

Recognizes Hght emission
of LED of mtercom

B outdoar unit, and check
Hiuht emission against
sroer nuamber

Yos e 30049 v 341}{}11{:%

f {heck whether 3
blinks of LED of “X

intercom outdoor
Uit Correspongd 1o

y order number

No l\{m

B S

MM"’

/ Riinks of anothey
LED can be seen

Mg

3




U.S. Patent Feb. 9, 2016 Sheet 152 of 567 US 9,258,058 B2

FI1G. 142

Interoom Inte
it niercom
gg?f&“‘ indoor unit
e —— ¢
L3005 : 30054
y o s‘s . N .
N fhER blink instrugtion Give instruction to
B s been given fros v intercom outdoor unit
Atercam indoor urit? o biink LED according
> ko order number
Yes )
¥ 30050
Blink LED in accordance v 3D05e
with LED blink instrucion : .
Fron internony indoor unit Walt untif camera o t
, _Hintercom ou tdf::r'* unit
> racogrizes biinks a%’ LED
of deliverer mobile
terming
H
"“( /,,3!’:?(}8{
. y
i No / Intercom ouldoor
g urdt has notified that
\ Y Blinks of LED arg
-~ 3005¢ \recognized? ;
Motify intercom indoor unit Yes
of Hlinks of LED recognized o
using camaers of Infercom s L d305Y
putdoor unit " L e .
; Chacl blinks of LED of
; intercom outdoor unit
against order number
4

3005 ¢ 3u0usn

Give instruction o - ; ; N
- " Na / Blinks of LED of intercom
i?fi? §§ {3 autdoor oty "utcﬁcm unit correspund Y

o

Yas
ki
CEm ™ ]
i i oy



U.S. Patent Feb. 9, 2016 Sheet 153 of 567 US 9,258,058 B2

FIG. 143

Disliversr mobhila Interc y
\ : atercom outdoor unit
sErminat tercom outdoor ¢

F > H

l/ . 3006a l - 3006f

/Biinks of LED of deliverer  ©
Start binking LED ; s O Lo OF Geaversr 4
&f‘{mirdiﬁ’:} ?ng:}f'der NG/ mobile terminal have besn  \
number held by racognized using camers of
e e i s \intercom cutdoor unit? /
deliverer mobile terminat i - :

1\*‘@5
L 30060

&

Put LED plinldng portion
el 1 rANGE from intercom

T inutdoor unit where
camera can caplurs image

v '.,,,«-3{3{%{1
‘Biinks of LED of ntercom \‘
sutdoor unit indicate that biinks
No /s of LED of deliverer maobils \

terminal shob by camera of
\ intercomn sutdoor unit
y Corraspond 0 ordsr ruamber

3

‘a\haiﬁi by Inpercom indoar unit
Yes
¥ L-300Be

Whisther blinks corraspond
o order numbaer I8
displaved on daliverer
moehile terminal




U.S. Patent Feb. 9, 2016 Sheet 154 of 567 US 9,258,058 B2

F1G. 144

Intercom outdoor unit Intercom indoor unit
> ] 3

L3007 : - 3007¢

s

frotification has baen given
No / regarding whether blinks

\\ MNotify orderer by display
of LED notified from /

of intercom indoor unit
showing that dediverar
has arrived, with ring
tone auiput

N intercom indoor unit
seorrespond 1o order nuimber?)

y 30070 _
Blink LED o show ¥ - 3074

“»fz&?;?zﬁf f:»i:mi*ifi Give, to intercom outdnor
Lorresgonc urst, instruction to stop
o groer number blinking LED and ‘
instruction to bink LED
to show that biinks

\ gorrespond {0 order
. number

¢

()



U.S. Patent Feb. 9, 2016 Sheet 155 of 567 US 9,258,058 B2

FIG. 145

Register user and mobile phone i use 1o server

Mobie phong

Server
! 4001
Activate appicatinn by user
| 4001
Receive antle . .. ... w Make inquiry as to information
respond oy phis user and mobile phone (o servey

¥ A0
/ User information ang “\ .
/ information on mobile phone )
S it use are registered in DB /
s, Of server?

s

7

S 4001

Register mobile phone 1D and user
I o mobile phone table of DR

2
-

¥ A0

Start analysis of user voice
characteristic (procassing aj as
parallel processing




U.S. Patent

{Processing a) Analyze user

SETVEr

Feb. 9, 2016

Sheet 156 of 567

FIG. 146

vaics characteristics

Mobile phone

Cstat )

v LA00E

US 9,258,058 B2

Coliect sound from
ricrophone

ey

v
Coilected sound is
estimated to be user voie,
pGE result of sound recognition

S,

SN

‘A _A4B02C
v/ what s said is keyword N\

{such a5 "next”, "retum”}
\\ used for this application”

N

;
/

. ATOZS

Begister data

,@%,v.“.,

Register voicg data infp
uger keyword voice table

of server

d:*uu»»..u.«......,ww uuuuuuu

Register data

E

¥ 40024

Anaglyze voice charactaristics {frequency,
sound pressure, rate of speech)

4 _4D02e

Register analysis resull into
mobiie phone and ussr voigs
characterislic table of server




U.S. Patent

Server

Receive and
VEBOOTIG

Raceive and

resnorud

Feb. 9, 2016

Sheet 157 of 567

FI1G. 147

Prapare sound recognition processing

LS

e phong

L S

i
«GE---{ 3 H

40038

?:§ gy
4

Perform operation for

nration’

dispiaying cooking ms

n st

¥

-2 Olitain cooking

menu st from server

v

4030 3

US 9,258,058 B2

Micrinwave

%~~~~~ﬁ%

.‘é.

4003

iecting sound using :”’s‘ii{ti“i}{:-h{}?}&
mobiie phons

¥

4003

Start collecting sound by sound colactin
davice in vicinihy {orocassing b) 88 parallel
CrOnesaing

¥

- A4003F

characts
Processing

S f
t( 5 .\rs

Start analysis of environmaental soungd

meessing O as paralisd

40039

Start cancaiiation of soung from sound
ocutput device pregen
{oruvgssing o) as parall

iy viginity
saf s sbiag

.ﬁ! .

] cf .mrsffgr

\f‘

Start recogni

ion of user volce

A

<

RN

o
=




U.S. Patent Feb. 9, 2016 Sheet 158 of 567 US 9,258,058 B2

F1G. 148
{Broceasing bl Colledt sound by sound collecting devics in viginity

Server Mobile phone

uuéf\,
b sonard
'f.i‘;‘.“q’e(.’:'i;

L0440
: C”W( end
sif 004

\{peau? sound oollacting {iﬁ

TSRS

! bta
floceive arufl § .
! M_&"(,.S_?,'-j{,.: AR L L = T o)
CHRON

i o o f.)f soung oo ‘i
dovive fru:n server

¥ - 4004d
Server has >
=,»< information? /iy
y 4004 R

Cause sound coliecting
Afde  ldevice to sta
o yates

: o y
A o py | HNRg 50U el
tocetion of sound colbactin \,

N/ gevics s sufficiently close o K é( 4004
position of mobile phong, s0 /
\ERGE ustr woicn can o colluctad®/

¥

¥ Labngf iUsuse sound o
. ) Iy saurud colie
oitecting device davice to be
g sound vansmitted to
Y

¥ ""'4{"{}12”‘ Pore b been
f*um‘ 3 4@33

ing cotectad
. Yesuil
may be

Mots U
Jc;m(i to m\;i, i
chiained by {
”a“tm e m o ,;i ] amw
{ hat sound transmitted to mobile
; ces priiarty o sound
W O




U.S. Patent

{Processing C) Analyzse

Feb. 9, 2016

Sheet 159 of 567

FIG. 148

avironmental sound characterd

US 9,258,058 B2

shics

Receive angd
vesouad

Mubsile phone
start
E ~AEE
Obtadn st of devices whic i any devig eﬁ
. whose position s sufficien v position of
i~ W P OWAY S, arnony devicas v LSET WRE
Oibtain data of sounds outpud & davices
from 38
E 4005
Analvre and stare characteristics [such as frequancy,
GG usﬁd pressurs 3 of a%.m; ned o :g% dats as
ST RN nertal soursd characts sristis
sk part fﬁﬁuf%j sound output by, for instance
ice (,Qf,kf;,r near THOOwWEve ‘“““?iﬁi& L i,o, ity «m;
recognized, and thus store characteristics thereof
with high importonoe baing say
¥ A5

Cofect sound by microphone

¥ 40050
/ Cofleched scmr;{i\
S s user voice? ; ¥
¥ L4005
Analyze charaderistics {frequenty, sound
presoure) of soblented sowns
W -A005d

xsmm wental sound

st on analysis result

205
A TN,
4 Ending fiag is on? re
\T! b

.......... L

{ end



U.S. Patent

Feb. 9, 2016 Sheet 160 of 567

FIG. 150

{Processing d) Cancal

{ aia:”iw;}

¥

US 9,258,058 B2

sound from sound oultput device present in vicinily

4000a

Saarch for device which
{gound output device}

can communicate and aulpul sound

¥ el tisicts
it e devdes hoas o ot ~ --\: ﬁf '''''''''' o ed '\J
«<§;em.ﬁ subpul device hag been detected? = end
Y "
¥ -~ 3G08C

Cause sound sutput devics to output tooes
inchuding variaus frequencies

4

k 40064

s
&

Cobea sound },{ ol

phore and 3

soundg o §§ f*tmcz device in
thareby

FIG. 404 {soumd collecting devices), oitecting tones
autput from sound o P‘pm device
b3 & {}f}&s
o
<Jone has been oollscted and re (}i’}z:{m’% /‘*‘“‘Z‘“‘*’ and
M
s oo
5 - 006
Analyre transmis ";i’“’; characrerstics from sound Gutput device to
each sound collecting devics {relationship for each frag JBNCY
between ouipit s ,md vohime and volure of & %Wte,} sound and
gdelay time betwean output of tone and sound caiixw{.csx
¥ 3006
Fo . e
Sound date output from \g
~ ol C«Lt;,ut device s@ -
¥ \ra-rcms«, e f1om moblis phone?y N
- SOEH 40

Obtain output sound sous ug,
wutpul portion, and volume from
soung output device, and cancs
soundd outpul by Smsr{“’ output
devics from sound collacted by
soyng colleqting devi i
fﬁﬁ{mfi sration of b ¢
characteristivs, antl instry rtion
i given to terminate canceliation
Drocessing

Obtain seund oubput froon sound
output device, and f.@.ﬂi.ﬁ? SoUn
artpsut By sound outp ayine
fromn sound collacte SO
COHBCUNG Oa8vices i ¢ Shsiieraton
Of transmission characteristics,
until ingtruction s given to
rerminate canceliation proge

\

255G




U.S. Patent

Sel

Sele

Sarver

respongd

Feb. 9, 2016 Sheet 161 of 567

FIG. 151

Mohie phone

\»{ 40075

{user o
Selsct what to conk

¢ L ADOT

US 9,258,058 B2

o ook, and set detalied oparalion in Mikrowave

Microwave

{User aperaton}
et recipe parameters {quantity to cook, how

trong taste i3 o be, hakir vy degree, and othars)

v 4007

Receive andie | o)

data and detailad mic
wy command from server in
aav.@\ ance with recipe parameters

DWaVEe

¥ ano7d

Prompt user 1o ring mobile phona to
touch nonconiact I tag embeddad
N THOrDWEYE

A

\ A6

/ Datect mircowave  \
Y being thuched ),} N

i - AUG7E

Trarmmit midrowsns seiting command
ODTaInEd from senver &o FrCrowave
This makes all sett i’g‘- QS“ THCrOWaYE
necessary for this recips, and usar can
Cook By Orily presung f}ﬁ-v;’“ﬁ‘w"& BTy
button of microwave

. St detaiied

~40074

Gperation

ion eound for microwave
ver, for instance, and set
FOwWEVE {Procassing e}

Dbiain notific
from DB of
SOUOE 1IN MG

G7h

Adiust notifi ca*vw soung Of rrdorowave
{provessing |

"

(7)<



U.S. Patent Feb. 9, 2016 Sheet 162 of 567 US 9,258,058 B2

FIG, 152

{Processing o) Ubiain notification sound for micrawave from DB of server,
for instancs, and set sound in mitrowave

Server Maohdle phone Microwaws

4008

User brings mobtie phone 4ose 1 (= 1o fouch)
noncontact i€ tag embeddsd o microwave

¥ - 400UBE

Maka Inquiry 8s 1o whethey notification sound
a*a for this mebile phone (ata of sound

(’\Ut}»th ek mtorowsve is opersting sud ands B
sperstion} s registerad In piorswave

¥ f»QGQSC

ndd dats for thig minbile \
red i microwave? }
Moy T a008c

: T
/ Notifioation sound dats for this micbile | ,
\pf»om is registered iy mobie ,o%w e 2\{

M 4008

afer 16 DB of seever, minbile e~ o b e g DECEIVE AT
ne, or Horewave N “Hrespond

N

I

{ Notification sour
\ phorss is regl

Revsive andl o ..
respond « .

\ff o GOORE

notification sound data for this mobile
phone (data of notification soeund wh

- i roshile p?m“?a: nRn epsiby ”@C?\t}' i) i
Receive andly din DB, obtain that data from DB, whersas
FRSDONG 7N such deta is not in DB, obtain s: iy

sourad data m bypical mcbie phones (daty
of typical notfication sound which mobile
phones can easily recogrize) from DR
Regisley oblainedd notld
date in mobile phone
3 -43080
rion sound data A
He phong In microwave
){ o




U.S. Patent Feb. 9, 2016 Sheet 163 of 567 US 9,258,058 B2

FIG. 153

{Frocessing ) Adjust notification sound of microwave

Mobile phone Microwsve

! 4009

" — P
/ Freguency of notificasion sousd for

this mobile phone and fraguengy of }
snvironsmental sound overian
NPOAREA MRS B
SZoertain amount or more?

¥ 1005
o LA00%C

Set votume of notification sound so as to be sufficiently
ser than environmantal sound

oY

Ag example of rnethod for generating notification sound
having changed frequency, I microwave can ocutput
sound in {0) of “diagram: puise patterns of notification ‘ Raceive and
sounds of microwave®, notification sound s generated TP snond
i padborn in {o, and i miorowave sannot ouipul sound '
i {¢3, but can outpet sourt in (b, ntification sound i3
generated in pattern in {b), and i microwave can output
oty sound in {a), notification seurgd s ganeratad in
pattam in {3}




Sheet 164 of 567 US 9,258,058 B2

U.S. Patent Feb. 9, 2016

F1G. 154

Diagram: Pulse patterns of notification sounds of microwave

Waves are repeated onoe or bwo or thrae
tirmes as notification sound for button
oparation, and repested several timas as
netification saund for end of operation

|

{3} Suguare signals
e
Fine
{b} Intermitiant )
sguare signals sastly
distinguished from
other sound squrce -
Time
{0} FWH signals
e

Timne



U.S. Patent

Display delalls

§} &y ChrtaHs

Feb. 9, 2016

Sheet 165 of 567

FIG. 155

of cooking

3
i
i
2

LR

C Gy

%,

401 1F

M”'M

US 9,258,058 B2

P s s;:-{} sngis ag 3

lay o W result of changing

R y dis Qiymu"}t/ {i

)
A
¥ o -Alllg
W ,.«-4‘{}1 ib Hotify user of end of
ORI
f& aoking i detal By dokin
! to be dons b\y N _
si QpEratinn o ; ....... ¥
IHOPOWEVE / Gy
= I 40114 { Bnp )
Display details Operation for changing X
of cooking display content
Marsaal input {such
. as prassing butteng
¥ 4011 ‘uuw input {such
N »ooa
Motify yser that foad i as “next?, “previous™)
o De put in midrowave

andd operation stan
hutton s 1o he pressad

¥ y
§ i e
w ™

xﬁ S48 e
;/t sey oparation i
\performed?

E

End of application



U.S. Patent

Feb. 9, 2016

Sheet 166 of 567

FIG. 156

Recognive notification sound of microwave

US 9,258,058 B2

Chirig sound i
devios in t‘s%i‘.‘y‘ grich
notification sound of o
(DT OCessing Q} as paraile

Start oolle

vy sourd collecting
cogrition of
i,m WaVE

P proo SESSH

~3031 s

403128

40120 sou

Recoynize
aotific At;vﬂ

f wabbivgg

Register changei

et §*"m< a*mu m of
weation or sn nd of
opering dopr of
THOPDWAYE fL:r

f;% weration mnme

elapses since display ig

o yeed 1o prompt

nig food o
ricrowave and pressing
apmration start bution

k 4
T

Gparation

Recognize user

U

i: -’:b ’5{:*5”

ton saung

¥ AL 2

L
5

foparation dine

pr

L ADLZ

(23

Notify usar of and o
nrisrsating i)

Foea

3T opmration of ndorawave

5]



U.S. Patent

{Processing gy &

Feb. 9, 2016

Sheet 167 of 567

FIG. 157

fHact sound by sound collecting dev

recogrize notification sound of microwave

He v

Moinie phong

US 9,258,058 B2

c& in vicinity and

Mitrorwave

G o e e

Fi fRvIce v
urtitate with mob
sound {sound oo

A R

Causa
cofiect

g davice

Hion?

fusH 1 %
ar perform }

cotect

W -3013m

sound and

msbils phone

s¢und

2]

I%)
@

O
D@0

3% Sond

P

F3G

34 i

4013y

‘<{




U.S. Patent

Feb. 9, 2016

FiG.

Sheet 168 of 567

US 9,258,058 B2

158

ar of end of operation of microwave

Mobile phone

e

start

43138

/f I oan

g;%m beioy used o
SENSLU Hanay

e deterrnined thal v

3G §3
i ,fmss\w‘ st

\/

Maitfy

of end of ’
operat ‘

ms' '&m e by
using displ F}\;

of seraan o
device mm

e ,}}mm and o

cavice wiich can comr

wancake isw Soeration

Yy Enageg

brte

AG14D

CQHW‘;«;&&C:’&@

'\f

ohons and oo
{ sound cafs'se-u

Cauge aging Gémﬁé o
o dnmge, ran
zﬁam O" Lger ?‘* 20

.

HNEDInG -~>=(3rc* t~:>
ww{suz&
Alarnat :ﬁ«,f, P

\,a piured imagg tv bf*
rRnsMItied 16 rnobie

‘f\' hors

&

P
>
o e

:)mﬁr‘ retognt

.y
w-}(‘\ e

o,
R

H

¢

B ><.md Dbt Uiy

oy~ o

‘E{w s3] f‘f«‘ iy
of wot of
speration of
PR TOWEVE
< ; using unit
mbics -)\' vy nmwsw'* i inchidad in
s mg SCreRn m»,g‘ ; gdevics
-mi, nd wwdi'-y- of N -
yite phone st H
motiie phane, for instance] {notificatio et near .
e e e e e w3 EREVECE IChING s::;ﬁy i W
and sound output unit

Cendy
Mmoo

%r 23018

"Y??C g

istanoe
device 1o

 S—



U.S. Patent

Feb. 9, 2016 Sheet 169 of 567 US 9,258,058 B2

FIG. 159

{Processing 1} Check operation state of mobile phone
Mohile phone
{ start 3

¥

{
i
f \
f’ Muobile phone is baing operated? or |
Mobile phona s bamng carmad? or §
/ Input/ouiput device connerted to | LADLSh
maobile phone has regeived input % o
j and out;m:? o }
j xz’zr}ec and rausic
i
\
Lo
L
|
H

| Acknowiedge that there
are being plaved H is high probability that
back? or C 1 position of user s close
Device located near mobile phone j ty this mobiie phone
i being operated? ar
User is “recopni ized by camera or
various sansors of device locaisd
ngar mobile phone?

/
/
H

H

y AQLEC _anisd
{ Device located far from mobile ‘
phone is being operated? or % »unawwdge that ther
Lger i f‘ec::)gmzeaé Dy Camera or & hgh probability sh%*ai: -
vanous sensors of dévice located } 7 -;m«;im‘ of user is far
Far from mobila phone? or from this mobie phane
\Rmmiie phong s being charged? /
%

%

H



U.S. Patent Feb. 9, 2016 Sheet 170 of 567 US 9,258,058 B2

FIG. 160

{Processing i} Track user position

Server Mubile phione
art
{ start )
o8 i
e -
k' ORI
33 5s

Mo @ phong i5 determined ¥

to be baing "{..iSS@{f Y
i*aps‘ss W Sensor, mmn sensor, fy
v ACCEBration senenr? ¥ -
= 40158

Hegist mww}w
of ot ;s @ phong
avig user into DR

Search for device {user detection :iev r@ 3 o LS
copwiveppion B BN | which can communicate with mobile phone,

cosoond et - 4o 3 clatect user position and presens @ of
Fespont wser, such A% camers, microphone, or
BLUmman ser ﬁ’i'ﬁg} SISO

3
{ Sound collecting davics ¥
w4 has been detectad?  f

{ User deteclinn devige
has de pod ygar?

8y has dets

Ev

. ) e LGE
devics 1o fransmit )

v of uger to mobiis phums

Revaive atdle | . ... .l REGIStEr user being prasent sear b 4016y
resnond ashr detectinn device into DR

- % o A0160
If DB has position formation of user
datection device, adain information,
thareby determining position of user

Reveive andle | oy




US 9,258,058 B2

Sheet 171 of 567

Feb. 9, 2016

U.S. Patent

DS GO

Rvices

R

!

i

G

DZOEy

Senen s A

A nlas i & amaac
b iteot it

A% o BZOEY T ,w GEOTE"

Y ESER
i
?
i oz e gy S
i f
JUURRE S5 2 . Amn s mn e mnn Anne anew mn mnn ame mmt mme . Ann sAme an s Annn Anns Anon an mnn, et mmet wma e mn snme mmn dun mom
: . Ey
i
i

3O DA W

IR EER




U.S. Patent Feb. 9, 2016 Sheet 172 of 567 US 9,258,058 B2

feaitalel il Sigod

Uger 1D

¢ osivgand slavic

ey

3%

0t datg o




US 9,258,058 B2

Sheet 173 of 567

Feb. 9, 2016

U.S. Patent

e i

£91 "Old



US 9,258,058 B2

Sheet 174 of 567

Feb. 9, 2016

U.S. Patent

H
{
H

w ®

L R

iy

“gagxﬂf‘g

88

{

¥91 "Did



US 9,258,058 B2

Sheet 175 of 567

Feb. 9, 2016

U.S. Patent

591 "DId



US 9,258,058 B2

Sheet 176 of 567

Feb. 9, 2016

U.S. Patent

LT rmnnnnnn

991 "Did



US 9,258,058 B2

Sheet 177 of 567

Feb. 9, 2016

U.S. Patent

B e e

£91 "Dl



US 9,258,058 B2

Sheet 178 of 567

Feb. 9, 2016

U.S. Patent

I
T
o u..»n\v.?.«)
S
R easroe
"

s ®®

SEy

891 Did



US 9,258,058 B2

Sheet 179 of 567

Feb. 9, 2016

U.S. Patent

691 "Did



US 9,258,058 B2

Sheet 180 of 567

Feb. 9, 2016

U.S. Patent

G471 "9Id



US 9,258,058 B2

Sheet 181 of 567

Feb. 9, 2016

U.S. Patent

i
5
3
§

141 'Did



US 9,258,058 B2

Sheet 182 of 567

Feb. 9, 2016

U.S. Patent

TatsammeaA

4T DI



US 9,258,058 B2

Sheet 183 of 567

Feb. 9, 2016

U.S. Patent

£41 "D



US 9,258,058 B2

Sheet 184 of 567

Feb. 9, 2016

U.S. Patent

PEDBULIDTY T

ZARLIE



US 9,258,058 B2

Sheet 185 of 567

Feb. 9, 2016

U.S. Patent

FEARIENEEY

41 "Dd



US 9,258,058 B2

Sheet 186 of 567

Feb. 9, 2016

U.S. Patent

T e

941 "D1d



US 9,258,058 B2

Sheet 187 of 567

Feb. 9, 2016

U.S. Patent

L4T "Dl



US 9,258,058 B2

Sheet 188 of 567

Feb. 9, 2016

U.S. Patent

N
Ven,

841 DI



US 9,258,058 B2

Sheet 189 of 567

Feb. 9, 2016

U.S. Patent

aned ayowsy

c/.
i
H P
..,.
. m &
A
' H
..\ %

SIG AR
HOREILINUWILIGD
ABLUED 10 JoUIBIT

641 "2I4



US 9,258,058 B2

Sheet 190 of 567

Feb. 9, 2016

U.S. Patent

pomesseen

* PEYSEN
UOIIEUNUALIOTD
ABLUBD S0 SLLDILT

081 'Dld



US 9,258,058 B2

Sheet 191 of 567

Feb. 9, 2016

U.S. Patent

ORI
OIS UNULLIOT
DD A0 3SR

181 'Did



US 9,258,058 B2

Sheet 192 of 567

Feb. 9, 2016

U.S. Patent

H
H ]
H §
i i
H :
H
Y %
5 H
s B
{ :

e

v
44 1

R R g

"

Mo.uaooo

i)

|

s

m

AICMeU
FECHINLLLUOS
LAED U0 IBULIRIUY

v

* #.x..vfﬁfvﬁ{ ké
F

£81 "Dl



US 9,258,058 B2

Sheet 193 of 567

Feb. 9, 2016

U.S. Patent

€81 "'DIid



Sheet 194 of 567

Feb. 9, 2016

U.S. Patent

US 9,258,058 B2

g~
*

d onuisy

GORRHUNULIDS
FHAIRD 40 IDLUBT

MIGAMIBU |

H
H
H
H

P81 "DId



US 9,258,058 B2

Sheet 195 of 567

Feb. 9, 2016

U.S. Patent

aoeid 330Uy

LR UNLULI0S
DB 4D JSUIDI

NIDMIRY

581 'Old



U.S. Patent

FI1G. 186

ar

internet or canr

communication

network

Feb. 9, 2016

Sheet 196 of 567

US 9,258,058 B2

Kemote placs

.\




U.S. Patent Feb. 9, 2016 Sheet 197 of 567 US 9,258,058 B2

FIG, 187

PRI at

ey




U.S. Patent Feb. 9, 2016 Sheet 198 of 567 US 9,258,058 B2

FIG, 188

274

c Light blinking

Gght blinking

P L

e
-\-/‘.‘”' -
Light blinking .7 _L.-77
R N A_”,.-""
) s




U.S. Patent

Feb. 9, 2016

Sheet 199 of 567

G, 189

US 9,258,058 B2

- fransmitter device 1048

Light
transmission

fnstruction button

Activatinn state

managament unit

Y

S

s n

Activation
history
e,

S ain i P

Transmission
start

determination

Transmission
speed
Hersrmiinanan

103

Light
fransmission
e

sl oo

sl

slement

g

i
Device

irdormation
R NRIVIVE g

9

%
o e

-

104

|

Transmission
information
determination
{Simplifieg 1D}

.

f

“"”p;?d]
{1

{

e srenmmeirnne

108

»

e

v etemmmprssssoomesmmn
Addrass

information
et PN

Information
MANAGRMENT
unit

et

Authentication
GIDITEssing
iatts

=

{
e ‘.Aﬁﬁﬂuwm"ﬂ
information

i, .
e ———

e

LAD7

- 1136

Cormaction Wirelass
mansgement

unit

arit

COMMmunic

¥




U.S. Patent

Feb. 9, 2016

Sheet 200 of 567

FIG, 180

US 9,258,058 B2

_~Recelver device 11

Reception
start bullon

Camera

activation unit

reigted

SERNPPRPRPRRPE

mfarmam’g{z

e A

Haceived

103

LT

image
obiaming

image
pickup
device

101

ahiaining unit

Bliink information

Biinking ares

datermimation unit

Infarmation

nberpoiation unit

.

=~ Houd
A0S { ronperation
miormaliont {nrpcessing unit

106

Wirelpsg

Inter-device
authentication
informatbion
registration
DrOCeSSING Ul

unith

3423, o
Wirsdes

{mmy

<

ieatian

]

i3

corornunication

WLAN, 3G




U.S. Patent Feb. 9, 2016 Sheet 201 of 567 US 9,258,058 B2

FIG. 191

Trapgmitler device Receiver device

S5001a B
Create random | -5001d

pusmber Activate cameara in opticgl
§ 5001k authentication mode
fegister in registrar {7 =Capturs image of ight
of WPS emitting slement of
E transmitter terminal

B0 _ § - 500
iR aceive light

| 5001

Input rodom sumber
as PIN of WPRS

Ernit Bght indivating
random mumber

B0

Perform authentication processing
according to standard by WBE

Daiete random number
frorn regivirar of WS




U.S. Patent Feb. 9, 2016 Sheet 202 of 567 US 9,258,058 B2

FlG, 192

Transmittar device Racehear device

{ AB002e

CB002e Activate camera in optical
- T authentication mode
%f?;"f;éw{,f’?éi?f éf’} =Capture image of light
oA L siae emitting slement of

MBALI Aol % transmitter terminal

b ! L EODLE
Emit fight 2 Receive light

| 50029

Cregts recejver 1D
which can show that
transmitter 1D has
hoen recaivad

{&.g., terminal 1D of
receivar terminal sndd
password encrypied
using transmitler ID

i
o
e
feud

50020
Recaive by \;Qi;‘@fﬁgg e Broadcast raceiver ’

cornrnunication ) 1D wiraigssly
i

Start suthentication . 5002d

processing with terminal

which has transmitisd

recpiver ID

Autheniicalion processing




U.S. Patent

Feb. 9, 2016

Sheet 203 of 567

FIG. 193

Tosue Iy aocording o
state of terminal

- 20038

¥
00
Erait hght by pattern 50030
according to ID
NS00

Is there
wireless responsd
sorresponding o i
indicated by
gmitted

US 9,258,058 B2

- - £33
Perform processing of 5003d : S
avthenticating termingl Display thers being
which has responded NG rEspOnse
. ¥
.- 5003e JU. S—
o { Eng )
Authentication R
1as am@% NO ¥ . 5003h
‘ Display authentication
RITGY
AYES ¥
~BOO3f ey )
et ~ % 113
~ COHNANG
is inciuded in 1D
indicated by lighi
HSSIONG W
{"”’””’”””’”’”“\

Parform processing in
accordancs with
command

¥

{ Eagd )




U.S. Patent Feb. 9, 2016

Sheet 204 of 567

F1G, 184

{ st )

\WW

Activate camera in
optical authentication
e

&
: 50048

US 9,258,058 B2

X _5D04b

/’ij{;; has
@ewéved i c:}nm
— pattern? e NO

LYES
Create receiver 1D which
carn show that trgnsmétter
10 has been recelved

504K

Transmither

L BDO4

,,Yﬁfﬁ 5004

Maplay Umeout

tarminat holds
transrnitber
rerminal 107

MO

4 YES

50044

W

- 5004

Univest recsiver 1D

Brogdcast rataiver ID

¥ 5004e

¥ 5004h

.M -
urhantication ™.,
fas succeededZ " noy

Display suthentication
array

Commang

gbtained by recely
fight?

Parform processing
agcording 1o 13
Ty
(s )

s included 010 ™
ing




U.S. Patent

Feb. 9, 2016 Sheet 205 of 567

Fla, 195

US 9,258,058 B2

Sequance diagram ilustrating data transmission and reception
using NFC/high speed wirglass communication

Mobdla AV tarmibred 3

Digplay
data o be
transmitied

Display,
confirmation

¥

sereen, for
chacking

whather
transynission
i to bhe
parformed

v

. Touch {NFC communication)

NFT communibation

».a«\““\“\“

Moblia AV terminal 2

Perform

“NFC polling

Information on data to be
transmittad ) .
Iinformation cn sgtablishing high-~
spead wireless communication

Estabiish wireless LAN communication

g o

Datea transmission using wiraless
AN communication

N
o ot

Transmit data held in each
terrainal Lo another terminal

Complate data ransmission

by ihale

- P
received

G sdraean




U.S. Patent Feb. 9, 2016 Sheet 206 of 567 US 9,258,058 B2

F1G. 196

T ETE sreen flepey

Hi g am E eNehange using
‘.,f**fl}*‘ spaad wi S"?Sﬁ

CATHSN

[\%r} ¢ AV bermingt ‘E EM{;E}%%& AY terminal ”‘E
T —

£

"\\me A‘M
W (Application saiection

Standly soruen
OF goreen

shuwring

§ [:1 being onerated

" ; |

¥

L]

Display dats in
storags sm it of [
rrshy 4
farmnat 1

Displiay st o
data sm,h as
;}i(,*;s*xz gen,
agwd o i.:m‘i:

A

213 gy b
gispiayed

Pirura iy étﬁeﬂifvmfsét

¥

N

A $3

»».::;f,;:“{“ touh z‘m’;mgmz&?‘“‘w
\‘:“'ES

sictedyideoitusic
¥ H0

«&N’:Sﬁ b data tran asnswzm
¥ Yes ¥

& in FIG, 603 B B




U.S. Patent

Feb. 9, 2016 Sheet 207 of 567

Fia. 197

HMobile AV terminat |

US 9,258,058 B2

- ?.
o

L

iobile AY termingl 2

Transmit data NFC conmmunication | Recsive dat
ransmission stary 2 i.
instruction mstruction

BSITHESIO ""‘ gi{» +

Tnformation on dats 1o be exchanged
information on wirgless LAN
Effi}a'x’“&ﬁ'i{&i"&?(iﬁ STHTE shart

Fotablish wirsless LAN communication connection

Start wireless L/

AN comimonicat

inn data ransmnission

¥

Receiving daly

_/
i

.

J

e s
PHLEY

Videoibusic

Complet

rpivedpss LAN communication data o

arnsmisst

&
vl

o

va agg;jea%?‘fmfp‘éc

~,§ ;

CEni>

Svssmmpme



U.S. Patent Feb. 9, 2016 Sheet 208 of 567 US 9,258,058 B2

FlG, 198

Maobils AV terminal Mobile AV termingt 2
’ {3 e %

S

{

o
e




U.S. Patent Feb. 9, 2016

splobile AV terminat |

.
=

{

J

Wirgless LAN

FIG., 199

Sheet 209 of 567

US 9,258,058 B2

s T
'MM W “‘-\?

4

w§
( Picture sharing service

S )
e
X T A
Wirgless LAN

Hohile AV terminal 2 ’}

WM

Mnbile phang
comynunication



US 9,258,058 B2

Sheet 210 of 567

Feb. 9, 2016

U.S. Patent

A10g8

Mg

=

o
N

ATOLS

GRies”

....»...‘...m..,....w

£

{en

¥

3

HE

$i4

WA




US 9,258,058 B2

Sheet 211 of 567

b3

A
S

ey

&

Feb. 9, 2016

U.S. Patent

4 {E

spgeneas s3e0s 1B

e T DAY

LIHVHENIVISEY Y |
N
P % J

ANVHOVISIY W

BIOGL abeubiy

102 "Did



US 9,258,058 B2

Sheet 212 of 567

Feb. 9, 2016

U.S. Patent

gl

W

£

373

me.

P
L.

3TPL

O W




US 9,258,058 B2

Sheet 213 of 567

Feb. 9, 2016

U.S. Patent

""3
{.,',}
I

H



U.S. Patent

Feb. 9, 2016 Sheet 214 of 567

US 9,258,058 B2

B K 3
H

.E kS

H %

i H

;

¥
3
H
i




US. P

atent Feb. 9, 2016 Sheet 215 of 567 US 9,258,058 B2

o

f fransmitier and infaroation (0 ke provided 1o recelver

I, in server in association with each other. Infermation to be
o raceiver may includse information such &8¢ storg nams, produnt
map formation o store, availabiity information, coupon

; ion, stock eount of product, show time of movis or play,
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ge-restricted contant, or praferentisily displaving condent assumead to be
rafaerved from user’s past bebavior

Receiver displavs route frorm currend position to stare or sales foor

Receiver obtadng information from sarver ancording o need, and updates
and displaye availability indforoation or resarvation information

Recelver displays button for storing obtainad
infarmation and bulton for cancelling storags of
displaved infarmation

Fadiik

Liser taps button for storing information obtained by receiver
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by ussr operation 7iin
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Store ID of transmitter and information to be provided 1o regeive
receiving ID, in server in association with 2ach other. Information to be
provided to recelver may include information such as store name, product
name, map information o share, avallabiiity information, counon
information, stock count of product, show time of movie or play,

regservation information, and URL of server for reservation or purchase.
Srore posiion relation of Information displaved on ransmirer in server

Fi0Eh

Transimilier such as signage ransinils 10 l

Faint comaera of recsdver o ransmitter and recaive 1D
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Receiver transmils received 1D 1o server, and
gbtains information associated with ID

be displayed on receiver. Information may be displayed on recelver
white maintaining position refation of information displaved on
transmitter

Srep ST
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User selects information displaved on receiver by designation
by screen tapping or voice
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FIG. 209
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Store D of transmitier and information {0 be provided o
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Information to ha provided to receiver may include information
such as store name, product name, map information ro store,
avaliabifity information, coupoen information, stock count of
groduct, show time of movie ar glay, ressrvation information,
and URL of server for reservation or purchase. Store position
redation of information displayved on transmitier in server
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Travgrnitter such g8 signage transmits ID

71030
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Store 1D of transmitter and information to be provided to
receiver raceiving 10, in server i association with each other,
Information to be pmmdﬂ{ﬁ to receiver may include in fmrm?: ion
such as store name, product rame, map information to store
gvailability information, coupon | infars
product, show time of movie c* play, resmwatmn iformation,
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Hon or purchase,
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Store position
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obtains information associated with 1D
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User taps edge of screan displaved on receiver or
down, left, or right direction indicator displayed on
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Store 1D of transrmitter and Information 0 be provided 1o recelver
receiving 1D, in server i1 association with each gther. Information o
e provided 1o receiver may include information such as size of light
emim‘ng UL as t?‘éﬁi'&&%f’?ﬁi’ifﬁ?‘, distance bhebwesn §§{"§ﬁ‘i’ i’.ﬂ'i?i’ﬁﬂ{;} Uﬂ?"(i%;
shape and weight of oblect including ransmiller, identification
rnumber such as vehicie identification numbaer, state of area not
easily observable from receiver, and presence/absence of danger

7i6h

Transmitter transmits 1D, Transmission information may ing
of server and information 1o be stared In server

Recaiver racelvas transmitted
information such as ID

Receiver obtaing information associated
with received 1D from server

Recaiver displays received information and
information obtainad from sarver

7i06f

Hecelver calcuiates distancs between receiver and light emitting
undt by triengaiation, from infurmation of stze of Hght emitting
unit and apparent size of captured Hght emitting unit or from
information of distance betwesan light emitting units and
gistance betwsen capturad light emitting units
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fecelver issuaes warning of danger or the like, based on
information such as state of area not gasily obeervabls from
raceiver and presence/sbsence of danger
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FIG, 217

';art‘/} Filla
| NS—
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or purchase

Store I3 of ransmitter and information €0 be provided to ransiver
receiving 1D, in servar i association with each other. Information 1o
be provided Lo receiver may includs information such as store name,
product e, ean information to stors, availability information,
coupon information, stock count of product, show time of movie or
play, reservation information, and URL of server for reservation

Transmitter such as signage transmils 1D Lo

Point camera of recebver o bansmitter and recelve ID

71080

7108

Recelvar transmits received 1D to server, and stores

information associated with ID in receiver

Recsmivar stores tarming

I and user I in servsy

faceiver displays information storad in server as
information to be displayed on racelver

nosition o storg o

Receiver displays mute from current

v anles floor

7i08e

7108

F108g

Receiver obtaing infarmation from server sccording to need, and
upiates and displavs availability information or reservation information

or grdering seat or

Recsiver displays button for resarving

product

button displaved

Lser taps reserve button or grder

On recsiver

TIO8k

Receiver transmits informa

ton of reservation or grder
o server for managing reservation or order
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Store 1D of transmitter and information to be provided fo receijver
recelving 1D, In server in agssociation with sach other, Information
to be provided to recelver may indude information of position and
shape of transmitter

Transmitier such as ceiling
fighting transmits 1D 7103

User places receiver on
tabie or the like 71004

Receiver recognizes pacement of recebver on table or the like from
information of gyroscope, magnetio sensor, or acceloromeier, and starts
recaption process. Recelver identifiss upward facing camaera from
upward diraction of aceslerometer, and receives 1D using cameara

Receiver transmits raceived 10 10 server, and stores L NGE
information associated with 1D 0 receiver 4 ”

Recetver estimates position
of raceiver

Beceiver transmits sosition of recelver o
storg management server

Ti0%

Store management server specifies seat of
table on which recetver is placed o
. 710%

LN

Store management server transmits
segt nmber o recaiver
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Store ID of transmitter and information o be provided (o receiver

receiving 1D, in server in association with &agh other, Information to

be provided (o recebver may indude ID, mode {, function, and operation

interface information (sureen, mgﬁmg’out >ut «mw, interactive model)
of siectrorde device
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FIG, 245
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irformation relating o currantly broodeasted program
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backiight of display. Transmission signal may include
URL of transmitter, SSID of transmitier, and password
for accessing transmitier
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FIG. 246

Qltain currently

viewsd channel

information from
glectronic deving

recaived informati

Vo ™
| stert |
(N |
Fii¥a
Recsiver raceivas information from display
Fiific
k J—
naving 1D mg JGP{’} n
7184
% e
O formation ‘f@‘azw W ourrenthy vl W#\{é
serean from server, TV or recorder may act as
RRIVET
71iBe
Recebver displays information
obtained from server

W’ii Bf

Receiver adiusts display based on user profile stored in
recgiver O seryer. For example, receiver g:am*::;zms control
such as changing fort size, hidl

or prefergntially
fromm usar’s %asf pehavior

icing age-restricted content,
displayi ﬂa cortent assumead 1o be pr aferred

N



U.S. Patent Feb. 9, 2016 Sheet 257 of 567 US 9,258,058 B2

FIG, 247
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Recorder transmits stored information to
receiver, when reproducing recorded image.
Access information {URL or passward) of server
in storad information may be replaced with
acoess information of recordsar
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Fit:, 249

?126&

Receiver obsarves luminange of light
gmitted from Uransmitter

Measure time from rapid rise in juminance to next rapid rise
in luminance, or measure tme frorm rapid fall in
wiminance to next rapid fall in minance

RN ]
P
N
o
7%

Recognize signal value according to Hime, For example,
recagnize T in the oase where time is less than or
egual 1o 300 microseconds, and "17 in the case where
time is greater than or equal to 300 microseconds
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FIG. 251
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Receiver observes luminance of light
emitted from transmitier
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Distermins mindmum value of time width
of rapid changs in luminance
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b
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Search for luminance change width
that iz not integral multiple of
minirnum value

Analyze signal, with luminance changs width that is
not integral multiple as starting point
fidie

Calculgte time wicth between parts
having luminance changs width that
is not integral muliiple
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FIG, 253

Tidon

Turn current ON/OFF with time width sufficiently shorter than
gxposure thime of recelver, when luminance or current for
controting luminance falis below predelermined valug, This
refurng current to initial value, 50 that luminanoe decrease of
Hght emitiing unit can be prevented

Turn current ON/OFF with time width suffidently shorter
than exposure thms of receiver, when luminance or current
for controfling luminance exceeds predetermined valuea,
This returns current 10 initial value, so that luminance
increase of light emitting unit can be prevanted
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FIG, 255
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Recelver ohserves luminance of Hght
smitted from transmitier
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Dstermine mindrmum vabie of time width
of rapid change in luminange

Recognize minimum value as
carrier frequeancy

Obtain information from server using carrier
frequancy as key
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FIG. 256

f/ f;?:ar‘aé

Recelver observes luminance of light
amittad from transmitter

F1230

Fourter transform luminance change and recognize
makirmuwm component as carrier frequency

Chtain information from server using camer
frequency as key
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FIG. 257

71243

Exprass ransmission signal
a3 luminance changs

Ti3dh

Generate luminance change so that maximurm component of Fourter
trancformaed luminanee change s carvier frequency

Cause Hght amitting unit to emit light
according to gererated luminance
Chanys
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P1263

Receiver measures luminance of each position of line
that receives light simultanesusly

F12Gh

Receive signal at high speed by receiving separately
transmitted signals i direction perpendicular 1o
simudtanecus light receiving line
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FIG, 264
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Receiver captures 10D barcode displayed on
display device

F188h

Recognize that display device displays next barcode, at
interruption of barcode ling
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FIG. 266
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Transimiiter holds partially or wholly engrypied
transmission informaticn
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Receiver decrypls received information, or transmits
received information in encrypled form (o server
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Measure Hluminance changs from
sensor vatue of luminance sensor

Rereive signal from Hluminance change, as in reception of signal
from luminance change measured by Imaging device. Since
Huminance sensor is 18ss expensive than imaging device, receiver
can be manufactured at low cost
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FIG. 273
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Transmitter expresses different signals by light {metameric
ight) perceived as isochromatic by humans but different in
spectral distribution, and causes Hight emitting unit to emit

hght
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Recgiver measures spactral
distributions and receives signals




US 9,258,058 B2

Sheet 284 of 567

Feb. 9, 2016

U.S. Patent

ARCOL N

BOABD HRIUDD

JRYILSLRLL

7
S
a1
b
=
G4
L2
[sh}
<

AREITHAISUEL |

JBaan Ay

g8£04

PLC DI

Y i F - H
" mwm\\ i
o H

o i

Py i

IBALRS UOENIOS O




U.S. Patent

Feb. 9, 2016 Sheet 285 of 567

FIG. 275

D soiubion server stores ID of transmitter
and methad of communication betwesn
transmitter control device and recelver in
association with each other
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Mobile device displays information on display unit
i 20 barcode or the like LA
Il
Store device captures information displaved on display
uitit by imaging unit, to obiain information
f}B?Q
Grore device Hansmits o mation ﬂ“i‘;‘{‘f;
trangmitier
137d

information

Mohile device reqeives transmitted

by receiver

recelved information.

Mohile device changes gisplay on display unit based on

Information displaved o

unit may be determined by moblle device, or determined
by server based on received information

w1 gisplay

7iEVE
| ,,,,,,,,,,,

Store device captures information displaved on display
urdl by imaging unit, tﬂirﬁaﬁ?ﬁfonrﬁﬁﬁn

7137g
Store device determines corsistency between oblained
information and trangmitted information. Determination
may be made by store device or by sarver

F137h

Transaction completad successfully in ?h&
case wherg obtained information and
transritted information are consistent
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FIG. 281
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?ece ver parformea self- ;}Q ition estimation from
information of GPS, base stall ov, and the like
133D

Recsiver fransmits Fﬁ’muﬁﬁt‘:ﬁ salf-position and
aestimation error rangs 1o sarver

Recaivar Ob aing, f?“(}"“’% seyver, IDs of
ransmitiers present near position of receiver
and mformz don associated with IDs, and stores
iDs and information

Raeceiver receives E Yo transmitter

¥

- / information associated with ‘\ ________ v
MY received 1D stored in receiver? /

,./

* 7133

Receiver obtains
mf;rmataan from server
using recelved ID as kay

¥
Receiver parforms saeif-position
astimation from information
received from server and position
relation with fransmitter, obtaing
iDs of nearby transmitters and
information associated with IDs
from server, and stores 103 and
information

-i f135§§

Receiver displays information
sessociated with received 1D
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Receiyar detects entry into bullding

?W«ﬁb

Recelver transmits estimated self-position, estimation
arrar rangg, and narma of buillding in which receiver ig
estimated o bhe present, [0 server

Receiver obiaing, from server, 1Ds of transmitters
present in building in which receiver is present and
information associated with 103, and stores IDs
and information

: . e # 134
Raceiver recebves 1D from
transnitter
7134s
¥ e
i Eﬁmrmath associsted with N
Y received 1D stored In receiver?
?wé Y
v 7134f
Recaiver obiaing

infarmation from servey
using received ID as key

%

4
Receiver oblains, from server, IBsL
of %rau»,‘r ithars presant in same
basilding as iwrsmztier fram which
receiver receives D and
information associated with IDs,
and stores IDg and information

Receiver displays information
associated with received 1D
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user 1o input
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FIG. 290

{ shart |
. 7202a
User prasses button on receiver to switeh from
pOwWer Off STAte OF slegp $Tats I power on s1ate
v i O72h
Receiver gctivates Hluminance!
SENSOF
72020

Recelver recognizes change of Hluminance
from iHuminanos senser

3 72024

Recsiver receives transmission signal from |
Hurninance senser

3 72026

Receiver notifies user that tmmn itter is present {7
nearby, by screen display, sound output, or vibration

: 7anzf
Recelver starts o
reception

¥




U.S. Patent Feb. 9, 2016 Sheet 301 of 567 US 9,258,058 B2

I
mnnel

53
P
A
o

oy
¥ F20%0

User operstes recaiver 1o start reception, or receiver!™
automatically starts reception by trigger

¥
Receive preferentizily by imaging unit whose
average luminance of entirg screen is high or
whose luminance st maximum minange point
is high




U.S. Patent Feb. 9, 2016 Sheet 302 of 567 US 9,258,058 B2

FIG, 292
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Change to rolling shutter mode in the case
whers imaging ;'m:ﬁés: is glohal shutler mods a0
F e

Set shutter smmﬁ SO fhz%%: pright line is cmmreé
when capturing subject whose moving average
luminance In time width graster than or mﬁa o h

mittiseronds is unchangad and that changes in
iufnm@m:{a in region less than or E:{wsai o 5
initiseconds

~.

Set sensitivity of ght recelving slement f{}
Increaase ﬁiff@fmf}tﬁ bhatweeaen bright part and
dark part of bright line

73404

Set imaging mode 1o Magre maging mode, or set shorier focal
length than focusing on transmilter. Capturing ransmitier in
larger size in blurred state enables increase in number of exposurs
fines in which bright ling is Captured

7340

Chserve change in luminance of bright line
iy direction perpendicuiar o expusure lng

f“aif:s.siate tarval betwaen parts of rapid rise in luminance or
herval betwee:z Qar*“s of rapid fall in lumin a*{:a and read
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Transmit signal by changing luminance of backlight in
information display area
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FIG, 315

73518

%

Enter signat
transeission mode

¥
Transmit signal ondy from part where backlight is ON in the
case where backlight is turned OFF ypon screen change for
improved dynamic resolution

7351¢
¥ rena

Transmil no signal when backlight s OFF in entire screen
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FiG, 317

.-“““““““.“““““_““'\
L shary |
*

Enter signal
transmission mode

Turn OFF backlight control for improved dynamic
resolulion i part (/3020 /3028, J302g, F2U8 of
screen and transmit signal from part

7E5Z2D
¥ o
Adiust average luminance of backlight so that brightness of part
transmitting signal is equal to average luminance of backlight in part
transmitting no signal. Adjustment may be made by adiusting Ume
ratio of blinking of backlight during signal transmission or by adiusting
rmaximum luminance of backlighs
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¥ 73538
Store ID of transmitter, information (851D, Q&Sbﬁs&b({i; D of i

wireless access point, radio fraquancy, Joczt on information
of acgess point, {on'rlf%c,%;ie position information, ete.) {}f
wirgless access point, and infermation {IP address, .“.3 of
control device n 1D managemant server in gssoaation
with sach other

| | 7353

Transmitler transyoils 1D of transmitter, Transmitier may 8iso transimit

information of wireless access point and information of control davice

/ b;\.. 3

¥
er racelves A”‘* of tramsmitier and obdains information of v rdez«,s
point and infermation of contrel device from 1D management server,
ivaes I of trafm'mr"@r and information of wireless acgess point

!

| Transmitter ronnects o wireless arcess pob
: 73558

Regeiy
coess
OF recs

bt

Tra ﬁﬁi“’t?*tﬁi’ ﬁ:?‘z?ﬁ:si'i"z s address of server on network, instruction to
server, and 1D of transmither to control devics
I 7353

Control devine transmits recaived 1D o receiver

Control device ssues instruction 1o server on network and @tsia ns
response. Here, control device operates as proxy server

k
Control device transmits response and received I from transmilte

indicated by tra m'n riD. Transmission may be repeatedly ,J"C«r{*w'i i
recaption compietion is notified from receiver or predetermined time slapses

Y P35
U v v

Raceiver recelves responss

¢

Receiver transmits recelvad 1D to control device
and notifies reception compiation

In the case where recsivar is at position where signal from
transmitter cannot be recebved, recaiver may notify controd
davice to return responss via wirgless access point
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assaciation with each other

Store 1D of transmitter, display con
displayed on dts;:nay ar projector in ID management server in

tent 10, and content

§;

b

1er
i
e

e
T3

Transmitter désg Ays con

projector.

display content

went on display or projector, and

transmits signal using hacklight of display or projection light of
i Transmission signal may include I of transmitter,

display content 1D, URL in which display content is stored, an

¥

Hex

=T
v

Cehver

recehves bra

ansmission signal

E

projecior by transmitier,

Heceiver obiams content gispla

ayad on displ cy or
based on recelved sign

i

3

X

comunantary in the

Iy the case where user profile ig sat in YE’.(’.{%N{’:Y, receiver obtains
content suitable for profile. For example, receiver pblains subtitle
data or audio content for at hand repm*ﬁu‘twﬂ in the case wherg
profile of hearing brnoalrment s set, and obitaing content for audio

case where grofile of visual impainment is ai‘it

¥

carphone, or hearing aid

Receiver displays obtained image content on display of receiver,
and reproduces obtalned audio content from speaker of receiver,
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FIG. 3288

Detact part in which bright ling s
captured, from captured image

| e 7354D
Set hand movemsnt correction §M ction o ON
X 73540

Switch to speciel iImaging mode A inwhich imagingis 7
performed using only pixals of exposure lines in which
bright line is captured, In special imaging mode A,
thrrre from when exposure of ene exposureg line sterts to
when exposure of next exposure line starts is sst to be
uniform dunng imaging tme of one image, One or
mare pixels in direction perpendicular to exposure lnes
may be omitted i imaging. Since the numoer of
frames (mi’;}u* from imaging unit is same as that in
normal imaging maode, special imaging mode A is
suitable for receiver that indudes low-performance
processor or receiver that includes processor also
engaged in other processes

e
Lad
I
£
Lk

}
Designate area of imaging in special imag;‘ng; mode. By
designating narrower ares than area in which bright line is
captured as area of imaging, it s pos sm%e Lo keep capluring
bright ling even when imaging direction changes due o mam%
movement or the lika

l 73540

Detect movemeant of captured magea. By f*}(;vif‘zg arpa
of imaging i moving diraction, 1t is possidle to keep
capturing beight ling even when i imaging direction
changes

A e -

Qbtain transmitted information
from pattern of bright lins
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Fie, 3298

AN
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gkiiig
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Detect part inowhich bright line is captured, from {@g}i ured image

7355h
Setb hand movement correcton function  ON

Switch to special imaging mods B in which imaging is performed
wsing only pixels of expasure ines m which boght line is caplured,
In special imaging mode B, imaging is performed at high speed

by subjecting only area in wehich hright line is captured to imaging.
One or more pixels in direction perpendicular 1o exposure ines
may be omitted in imaging

o
Designate arga of Imaging in special imaging mode. i:sy
designating narower ares i’?arz area in which bright line is
captured as arga of imaging, it s possible to keep capturing
bright line sven when imaging r;i’ima:t:%{m changss due 1o hand
movament or the like

7355

Detect movement of {f*}{”.zi’ﬁ*«*(}‘ mage. By moving Aren

of imaging iy moving direction, it is possible to keep

a&;}tuaw hright line even welien imaging direction
changes

Obtain transmitied informstion from pattern of bright Hne
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y .
Detact part in which bDright line s captured, from caplured imags

F3E6L
S hand movement correction function to DN

 73%HC

¥

Switch to special imaging mode C in which imaging is parformed
using only pixels of exposure nes iy which bright ne is
captured. In special imaging mode C, imaging s performed
only In area in which bright line is captured, and imaging resulls
re arranged 1o form ong nage while ignoring origingt plxed
positions, One or more pixeis in direction perpendicular to
axposure lines may be omitted in imaging. Since the number of
frames culput from imaging unit is same as that in normaat
maging mode, spacal imaging moede U s suitable for recsiver
that includes low-parformancg processor or recaiver that
includes procassor alse engaged in other processes

Designate area of imaging in spacis! imaging mode. By
designating narrower area than area in which bright ling is
captured as ares of maging, i1is possibie 1o keep capturing
bright line even when imaging direction changes due 1o hand
mgvernent or the Hke

3 s B AR
Detect movement of captured image. By moving area of
imaging in moving direction, it s possible to keep capturing
bright fine even whan imaging direction changss

! L LTESGE

Oixtain transmitted information from pattern of bright line
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FIG. 382

x‘,/,/ Ui{}}
Raceiver receives signal by iiiummame Xaalotaty

? o 8102
Recetver obtains information such as position
information from server, dased on received signal

o 8103

Receiver activates image semw capable of capturing
Hght recepntion direction of Hluminance sensor

/-","f S}. {}4

Receiver recelves all or paz’t of signal by mme
sensor, and determines whether or not 5 gnai is same
as signal received by Hluminance sensor

‘ 8145
Recelver estimates position of regeiver, from position
of transmitter in captured image, information from
S-axis sensor, and position information of transmitter

/“’?/M
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FIG. 383
£
(atart)
\mm.:w/
e 8111
3 o

Heceiver recognizes periodic change of luminance
from sensor value of Hluminance sensar

L8112

¥

Recelver activates image sensor capable of
capturing lght reception direction of iHluminance
sensor, and receives signal
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